EAAL 
PROGRESS 


Y i] 


7 upper and lower bearings giv 4 
twice the normal er b 
life. 


are safely contained and mounted 
within the heavy 


spection without 


to air heat exchanger provid 
@ SPECIAL ROTOR LOCKING 
DEVICE prevents brinelling of 
@ FULL COMPLEMENT OF PR 
_ TECTIVE DEVICES including 
panel. 


MAGNETHERMIC 
The AM Motor Generator Unit is a proven Vertical Design . cr ENGINEERING 
with new features to improve service life and maintenance. - 


FOR THE NEW IDEAS IN THE HEATING AND MELTING OF METALS BY INDUCTION 


HIGH FREQUENCY MOTOR GENERATOR SETS 


Another of the many products of AM for the heating and melting of metals by induction. 


GENERAL OFFICES 


AJAX MAGNETHERMIC, CANADA, LTD. 
BOX 779 
Ajax, Ontario 
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The cover is a prize-winning micro displayed at the 1959 
A.S.M. Metallographic Exhibit by M. Hatherly and L. E. Sam- 
uels, Defence Standards Laboratories, Alexandria, Australia. It 
shows martensite in lamellar form in an iron-nickel-carbon alloy. 


Technical News in Brief 
Carbon Steel Stronger Than Low-Alloy Grade Above 1500° F. . . . Open-Coil Process 
for Gas Alloying . . . Single Crystals of Refractory Metals Made by Arc Fusion . . . New 
Vistas for Magnetic Particle Testing . . . New Method for Surface Coating . . . Large 
Investment Castings Made in Ceramic Shell Mold . . . Aluminum Railway Car Based 
on New Design . . . Materials Progress in Ceramics . . . Tramp Elements Get More 
Attention 


Special Feature on Brittle Fracture of High-Strength Steels 
The Problem of Brittle Fracture; Critical Point, by the Editors 


Historical background and summary of research; an appeal for new ideas and more 
work on the problem. (Q26)* 


Fracture Theory Applied to High-Strength Steels, by G. R. Irwin and J. A. Kies 
An outline of a method by which fracture mechanics have estimated the “fracture 
toughness” of high-strength sheet steels necessary to insure against catastrophic failure. 
(Q26; AY, SGB-a, 10-51) 


Crack Growth During Static Tests of Rocket Motor Cases, 
by Harold Bernstein and J. A. Kies 
Fracture toughness tests which measure the resistance of metals to crack propagation in- 
dicate that pre-service stressing of rocket motor cases should be minimized. (Q26q; AY) 


Sheet Alloys Graded by “Sharp-Notch Sensitivity”, by G. B. Espey 
Various high-strength sheets for tanks containing solid and liquid propellant fuel for 
rockets are evaluated as to their tendency to brittle fracture by a specimen having very 


sharp notches on the edges which simulate the action of cracks or crack-like flaws in 
operating components. Q23s, Q26s; AY, 4-53, SGB-a) 


A Bend Test for Toughness, by Dean K. Hanink and George R. Sippel 
A simple, inexpensive, and convenient bend test gives results consistent with those 
obtained by the elaborate center-crack test for fracture toughness. It has aided in the 
selection of proper alloys and treatments, and the results may be analyzed statistically 
and applied as a quality control measure during processing. (Q26, Q5) 


Tests for Determining Fracture Toughness of Sheet Alloys; Data Sheet 


Tabulates sponsoring organizations, test procedures and interpretations. Taken from 
D.M.LC. Report No. 124, Battelle Memorial Institute. 


E * ing A ti | 
The How and Why of Microhardness Testing, by Vincent E. Lysaght 
This testing method, which is in common use in many laboratories, may become a useful 
industrial tool. This is a comprehensive report on the characteristics and the limitations 


of the two most important types of microhardness tests, the Knoop and the diamond 
hardness methods. (Q29q) 


Table of Contents Continued on page 3 


*The coding symbols refer to the ASM-SLA Metallurgical Literature Classification, 
International (Second) Edition, 1958 
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for castings operating the 
1800-2300 range 


DEVELOPED AT OUR RESEARCH LABORATORIES 


in Mahwah, N. J., Supertherm is field tested and proved. It is a superior alloy 
in this temperature range for static, centrifugal and shell-molded castings. 
Mail the coupon, below, for technical information on composition*, physical 


and high-temperature properties. 
*Patent Pending 


Electro-Alloys Division 
2018 Taylor Street 
Elyria, Ohio 


Please send me technical information on SUPERTHERM 


Name 


Company 


Address 


City Zone___State 


ELECTRO-ALLOYS DIVISION Elyria, Ohio 
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Metal Progress 


A Practical Technique for Welding Gun Metal, by L. A. DePue and W. A. Pennington ........ 


Strong welds with low porosity can be made by using uncoated phosphor bronze 
electrodes which contain 0.3 to 0.45% phosphorus. (K1g; Cu-b) 


Friction Welding — a Lesson in Economics From Russia, by Arthur B. Tesmen ................. 101 
Recognizing the advantages of friction welding — low power consumption, high pro- 
ductivity and adaptability to automatic lines—the Russians have put it to work in 
tool, tractor and electrical plants to make such items as cranks, shafts, axles, bolts and 
cutting tools. (K6) 


Eutectic Alloying of Copper . . . a New Concept in Dispersion Hardening, 
bs by D. N. Williams, J. W. Roberts and R. I. Jaffee...................00-eeeeee- 108 
When oxygen (or sulphur) is added to copper so that a eutectic composition is formed, 
a fine dispersion of Cu,O or Cu.S will appear on solidification. Rupture tests prove that 
‘ dispersions formed in this manner will harden and strengthen such alloys. (N12gq, 


Q-general; Cu-b) 


Ultrasonic Agitation Gives New Life to Pickling and Cleaning Baths, 
oy Osterman andl A, V. Sante Lucia. 110 
The trend in ultrasonic cleaning and pickling is toward larger and more complex 
installations. Their advantages, proven by industrial experience in low-volume produc- 
tion of expensive items, show promise in reducing cost of equipment and labor while 
doing a more thorough job. (L10f, L12g) 


Adolph Buehler, President, Buehler, Ltd., by Carl R. Weymueller.......................-.. 104 
Book Review 
Distortion . . . a Heat Treater’s Problem, Reviewed by George A. Roberts ..................... 106 


Brief, concise and readable report on “Distortion in Toolsteels”, by Bernard S. Lement, 
published by American Society for Metals. 


Short Runs 
Vertical Furnaces Heat Treat Generator Rotors... ... 


Remote Controlled Mill for Rolling Plutonium Alloys, by A. I. Nussbaum.................... 116 
Digest of the Month 


A summary of D.M.L.C. Report No. 124, Battelle Memorial Institute, details several 
types of tests for fracture toughness. They are classified into four groups: tensile tests, 
bend tests, bulge tests and cylindrical tests. 


Correspondence 


The Earliest Days of Precipitation 


Strong Steel for Cold Upset................ 160 


Hardening, by Francis B. Foley.......... 118 Thermocouples for High Temperatures. .. . . 164 
New Hardening Technique, by Welding Research in East Germany... .167-A 
118 Materials for Reactors.................. 167-A 
Consumable Electrode Arc Furnace Control, Metal Cutting ctw a 170 
by H. V. Kinsey and J. Suiter............ 118 
Space-Happy Bainite, by C. Patrick Kenyon..118 Departments 
Measuring Surface Temperatures .......... 204 
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Ormgrens is published monthly by the American Society for Metals, Publication office Mt. 
1. general offices Metals Park, Novelty. Ohio. Second-class postage paid 
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». 2, August 1960. Copyright 1960 by American Society for Metals. 
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DEEP DRAWING 


Protect deep drawing steels from the harmful effects of carbon, silicon, and 
other impurities by standardizing on pure manganese—ELECTROMANGANESE. 
Get facts and prices by writing for Bulletin 201 to Technical Literature Section, 
Foote Mineral Company, 424 Eighteen West Cheiten Building, Philadelphia 44, 
Pennsylvania, or Box 479, Knoxviile 1, Tennessee. 
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How Good Is a Statistic? 


“As good as the organization computing it” might be a good 
answer. Yet we find a publication of the U. S. Department of 
Health, Education and Welfare entitled “Earned Degrees Con- 
ferred by Higher Educational Institutions, 1957-1958” saying that in 
that year there were 40 metallurgists graduated with B.S. degrees, 
33 with M.S., and 10 with Ph.D., a total of 83. 

How far wrong can you get? W. O. Philbrook, who heads the 
committee on metallurgical statistics of the @ Foundation, says in 
Metal Progress for December 1959, p. 125, that the figures for that 
year were in fact: 

683 Bachelor's degrees (or equivalent) 

185 Masters 

70 Doctors 
a total of 938. The U.S. statisticians (?) missed 10 out of 11! 
Maybe that’s as close as you can expect them to get when a publi- 
cation by one of their consultants defines a metallurgist as “a 
professional engineer who analyzes ores”! 


Germanium Flies High 


The editorial eye was caught by a statement in Cleveland’s 
daily Plain Dealer that the U-2 was able to fly so high because it 
was made of germanium. Wonderment followed that this top- 
secret information should be leaked to the Russians — who own all 
of East Germany, a source of this marvelous material! 


“News” From Russia 


As has been noted in this column maybe six months ago, the 
Editor-in-Chief is not greatly impressed with the value of current 
metallurgical literature published in Russia. They whip a lot of 
dead horses. For example, they are worrying about detection of 
internal transverse fissures in rails, rather (apparently) than adopting 
the simple methods necessary to prevent the defects. However, one 
has to wonder whether this reflects the actual condition of tech- 
nology behind the iron curtain. 

This doubt again arises after reading a little brochure, “Soviet 
Nuclear Propulsion” by R. G. Perel’Man, translated and printed by 
Triumph Publishing Co. of Washington, D.C. It has a long chapter 
on nuclear propulsion of aircraft which consists of brief outlines 
of several principles which may be used (none of them particularly 
new ) and of difficulties arising when one tries to build an operating 
mechanism using a particular idea (all of them also stymieing the 
American specialists). There is no hint that any such flying 
machine is ready. 

However, in the last chapter on space travel, the launching of 
Sputnik is noted (“under the leadership of the Communist Party 
and with the support of all the people”, of course) and spoken of as 
though it were a normal development of Soviet science and industry. 
So they may actually be ready tomorrow to fly nonstop around the 
world, avoiding of course any American territory. 
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LOMA 


COMBINATION 
ROLLING MILL 


2-HIGH SHAPE ROLLING SETUP 


Installed at the General Electric 
Hanford Works, this 3” & 14” x 20” 
LOMA 2-High/4-High Combination 
Rolling Mill offers utmost versatility 
in the hot or cold rolling of flats and 
shapes. The machine employs 
heavy-duty roller bearings of 
800,000 Ib. separating force capa- 
city, dual motor power screwdowns, 
motorized roll changing and a 100 
H.P. variable speed D.C. drive. 
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WHY INDUCTION MELTING IS ON THE MOVE AGAIN 


Take the basic advantages of induction melting. 

Add improvements that save time, cut costs, and 
increase service life. 

That’s what Inductotherm has been doing for the 
past seven years. The result is a new style of induction 
melting that’s far more flexible, far more useful, far 
more desirable. 

For example, Inductotherm introduced the first fully 
assembled control cubicle that combined all capacitors, 
controls, and safety devices in one pre-tested unit. And 
Inductotherm was first also with the Inducto “Integral” 
series, packaging the motor-generator set in the control 
console. 

Inductotherm cut the cost of power and of pit con- 
struction by feeding leads through the trunions of tilt- 
ing furnaces. And service life has been lengthened . . . 


maintenance reduced through the use of rigid, Heliarc 
welded furnace construction. 


New Inductotherm ideas have induction melting on 
the move 

The biggest innovation in induction melting has been 
the Inductotherm concept of service. Not just fast 
repairs and overnight replacement of parts (even M-G 
sets) . . . but a basic concept: Inductotherm is out to 
fit induction melting to your needs. We will make 
every effort to improve our equipment and the induc- 
tion technique, never asking you to trim your needs to 
the limitations of our equipment. 

If you’d like more information on Inductotherm fur- 
naces, write for Bulletin 70. But, for a taste of Inducto- 
therm service, ask to have an engineer call. Inducto- 
therm Corporation, 412 Illinois Ave., Delanco, N. J. 


SNDUCTOTHERM 
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TYPICAL INDUCTION 
HEATING APPLICATIONS 


Punch Heads Selectively 
Tempered 


Diagram shows arrangement for se- 
lectively tempering heads of alloy 
steel punches. The use of a combina- 
tion type solenoid and pancake in- 
duction coil reduces hardness from 
Re 55/56 to Re 41/44, improving 
resistance to brittle fracture at the 
head of the punch. In this case a 
heating cycle of 55 seconds provides 
uniform tempering. A multiple posi- 
tion fixture, processing 4 pieces at 
one time, speeds up production. 


INDUCTION CON 
MICA MATERIAL 
\ ALUMINA CRUCIBLE 


Heating 
Non-Conducting 
Materials 
To High 
Temperatures 


0000000000 


laboratory analyses frequently re- 
quire heating of non-conducting 
materials to temperatures of 3,000 
to 3,500° F. in vacuum or special 
atmosphere. This can be accomplish- 
ed by induction heating with the aid 
of a metal susceptor. Diagram shows 
the fusion of mica samples in an alu- 
mina crucible, using molybdenum 
susceptor. A ceramic tube surround- 
ing the susceptor isolates the work for 
fusion in a vacuum. The molybdenum 
susceptor is heated by induction, 
which in turn, heats the crucible by 
radiation. 


r WRITE FOR NEW LEPEL CATALOG 
EI nic Tube Generators from 1 Kw to 100 Kw 
s Gap Converters from 2 Kw to 30 Kw. 
HIGH FREQUENCY 
LABORATORIES, INC. 
55th ST. & 37th AVE., WOODSIDE 77, N.Y. 
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This Heroult Electric Furnace does 
the most efficient steel melting job 
at Lukens Steel 


Two years ago, Lukens Steel Company installed this 20-foot diameter Heroult 
in their Coatesville Plant. It’s a standard Heroult top-charge, swing-roof fur- 
nace with a nominal capacity rating of 100 tons. In almost continuous opera- 
tion since installation, producing ordinary carbon and low-alloy steels, the 
Heroult’s performance has proved the matchless efficiency of electric melting. 


The Heroult is 100% mechanically operated. All movements are motor-driven 
gear mechanisms. This reduces maintenance problems, and permits your own 
maintenance crew to keep it performing with a minimum of effort. The Heroult 
has other features such as cage-type shell construction, independently sup- 
ported operating mechanism, and water-cooled skewback roof ring. They all 
help to make the Heroult the finest electric melting furnace available. 


Heroult Electric Arc Furnaces are available in shell diameter sizes from 7’0” 
up, and with a rated charge capacity from 4 tons to over 200 tons. You can 
select door-charge or top-charge swing roof type. We'll also furnish special in- 
duction stirring equipment, duplexing arrangements, and furnaces for melting 
of copper and nickel. 


American Bridge has the facilities and the technical know-how to handle a com- 
plete melt shop installation. This includes design, construction and installation 
of machinery. For complete information, get in touch with the contracting 


office nearest you. Or write to our Pittsburgh Office. 
USS and Heroult are registered trademarks 


American Bridge 
Division of 
United States Steel 


General Offices: 525 William Penn Place, Pittsburgh, Pa. 

Contracting Offices in: Ambridge Atlanta Baltimore Birmingham Boston Chicago Cincinnati 
Cleveland « Dallas Denver Detroit Elmira Gary © Harrisburg, Pa. « Houston « Los Angeles 
Memphis « Minneapolis « New York e Orange, Texas ¢ Philadelphia e Pittsburgh ¢ Portland, Ore. 
Roanoke e¢ St. Louis « San Francisco « Trenton © United States Steel Export Company, New York 
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intense heat from four Gas-fired torches skin dries pipe molds in as little as 2 minutes, after ramming and facing with a biacking material. 


Only GAS provides the clean, 
uniform heat needed to skin 
dry pipe molds! Millions of BTU’s of 
clean, uniform heat are required every hour 
by Warren Foundry & Pipe Division of Shah- 
moon Industries, Inc., Everett, Massachu- 
setts, to skin dry its pipe molds. 


Only Gas provides this volume of heat 
without any problems of shipping and stor- 
age. That’s why Warren Foundry chose Gas 
to solve this large scale heating problem. And 
as plant engineer William Mitchell says, “We 
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chose Gas over other fuels because of its 
cleanliness and uniformity of heat value.” 


For information on how Gas can help you 
with your production problems, call your Gas 
Company’s Industrial Sales Engineer. He’ll 
be glad to discuss with you the economies and 
outstanding results you get with the clean, 
uniform heat of Gas, and modern Gas-fired 
industrial equipment. AMERICAN GAS ASSOCIATION 


FORCONTROLLED INDUSTRIAL HEATING 
6 ...GAS IS GOOD BUSINESS! 
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pEPENDABLE VAC-ARC Steels 


... for applications requiring high ductility 


and tensile strength up to 285,000 psi. 


Compare these data Where design demands uniform high strength, toughness and duc- 

a tility at both low and elevated temperatures, Vac-Arc Steels more than 

TRANSVERSE TENSILE PROPERTIES meet the requirements. These steels—produced by Latrobe’s consum- 

8” square billet of VAC-ARG DYNAFLEX able electrode vacuum melting process—possess superior cleanliness, 

lower gas content, improved ingot structure and desirable longitudinal 
Property Mid-Radius | Center Area and transverse mechanical properties. 


Tensile Strength (psi) 287,000 285,000 The following grades of Latrobe's Vac-Arc steels are available in a 
Yield Strength 252.500 estoke range of sizes and shapes: Pandex (Type A-286) for high temperature 

.2% (psi) . , applications; MV-1 (Type M-50) and Regent (Type 52100) for critical 
; bearing design; Dynaflex (Type H-11) for aircraft and missile compo- 
Elongation % od 8 nents; AGT (SAE 9310) for carburized aircraft gears. 


Reduction of Area % 25 24 


Many grades of Vac-Arc steels are being produced to meet particular 


Literature available on all Vac-Arc grades application requirements. Send us your specifications or call your 
upon request .. . Send today! nearest Latrobe representative for experienced technical assistance. 


LATROBE STEEL COMPANY 


LATROBE 
Skillfully 
made LATROBE, PENNSYLVANIA 
in U.S.A. se) Branch Offices and Steel Service Centers: 


by BOSTON BUFFALO + CHICAGO * CLEVELAND DAYTON DETROIT 
— HARTFORD + LOSANGELES « MIAMI * MILWAUKEE + NEW YORK 
2 PHILADELPHIA + PITTSBURGH + SANLEANDRO + TOLEDO 


— 
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HIGH SPEED PRODUCTION 


At Associated Spring Corp., Bristol, Connecticut, pre- 
cision springs finer than o human hair are vacuum heat 
treated to rigid specifications. Fabricated from critical 
alloys, they require precise processing. A Stokes Vacuum 
Furnace enables production of springs for even the most 


STORES 


Recognizing the importance of profitable pro- 
duction as soon as possible after prototype 
proving, Stokes has made high speed an in- 
herent factor in its vacuum metallurgical equip- 
ment. With each technological breakthrough, 
Stokes vacuum engineers intensify their efforts 
to convert the research accomplishment into a 
practical and profitable production reality. 


From research and development to system installation 
and operation, Stokes unmatched technical compe- 
tence and unparalleled experience assure you the most 
advanced performance in vacuum metallurgy. Stokes 
led in compressing the time from prototype develop- 
ment to full scale production. Now, Stokes offers 


Welsh Industries uses two Stokes vacuum metallizers 
in first and second surface metallizing of a variety of 
automotive and appliance parts. Because they require 
less attention, one operator can supervise two Stokes 
metallizers. Welsh has realized a 20% production in- 
crease since installing the Stokes units. The compact size 
of the Stokes metallizers saves Welsh 10% in floor space. 
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COUPLED WITH QUALITY 


Advance Vacuum Metallurgy 


realistic high speed, profitable production . . . stem- 
ming from complete vacuum system engineering. A 
recently installed Stokes high production furnace has 
produced over 1,000 heats in just 3 months! 


Stokes offers the most complete range of types and 
sizes of vacuum furnaces and metallizers ...as well 
as custom-designed systems. For example, we have 
demonstrated our capability in supplying a complete 
turnkey installation—erected, tested and delivered 
in operation. Result: you profit from a single source 
of responsibility. 


If you have out-of-the-ordinary requirements, we can 
handle them also. The large majority of special instal- 
lations throughout the United States are Stokes- 
engineered. And whether it’s a special system or 


At Misco Precision Casting Co., semi-continuous vacuum 
melting and casting is being accomplished in two ver- 
satile Stokes Induction furnaces. Successive charges of 
the metal can be introduced into the vacuum chamber 
from the outside, loaded into the crucible, melted, 
poured, and the cast pieces {in their molds) removed 
from the chamber... all without breaking the vacuum. 


production unit, you get faster delivery and fewer 
costly holdups. 


Let us put our vast experience and complete facilities 
to work for you. Stokes Engineering Advisory Service 
will work closely with you in planning and designing 
an installation that will serve both your present and 
future needs... profitably. May we invite you to 
contact us directly in order to learn all the facts? 


Vacuum Metallurgical Division 


F. J. STOKES CORPORATION 


5500 Tabor Road, Philadelphia 20, Pa. 


Circle 890 on Page 48-B 


Installed at Atomics International, this Stokes 50 KW 
vacuum furnace is casting long, hollow uranium cylinders 
to such size tolerances that no subsequent machining is 
required. For another project, the furnace operates 
remotely in casting uranium fuel slugs. In both instances, 
maximum precision must be sustained through tight, 
large-scale production schedules. 


for the most efficient 


and economical — 


production of oxygen-free gas | 


... provides by far the most economical and efficient method & = \ 
for the production of pure nitrogen — completely free of 
oxygen — and with hydrogen content precisely controlled 
at any desired percentage between 0.5% and 25%. Nitro- 
gen is supplied at a fraction of cylinder supply cost. 

The Nitroneal Generator is automatic except for startup, 
with no need for operating personnel. The unit performs 
instantly, efficiently anywhere in the range of from 25% to 
100% of rated capacity. Installation requires only a 110 
volt line, water, air, ammonia lines and drain facilities. 
Units can be supplied in capacities of 100 cfh to 10,000 cfh. 
...The catalyst lasts indefinitely — maintenance costs are : 
practically nil. Write for complete catalog material and data. NITRONEAL” 
GAS GENERATOR 
CHEMICAL DIVISION © 113 ASTOR STREET 

NEWARK, N. J. 


contour rolled stock to dimensions 
as close as +.001 of an inch 


Makepeace has created a new concept in the manufacture 
of contour rolled stock parts for machinery, appliances, en- 
gines and fittings. The process is adaptable to many pur- 
poses, particularly where controlled temper, fine finish, and 
close tolerances are required. 

Makepeace can furnish formed stock which does not re- 
quire a final finishing operation. Many manufacturers are 
finding that expensive and time-consuming machining oper- 
ations can be cut to an absolute minimum by the use of our 
precision-contoured stock. 

Contoured strip stock whose cross section is formed of 
one or more curved surfaces can be furnished to tolerances 
as close as +.001 of an inch. Finishes down to eight micro- 
inches can be maintained, and the blending of multiple 
radii is accomplished with minimum variation. Extremely 
intricate angles and combinations of radii can be rolled 
into rod, wire, tubing, and sheet. Any cold-workable mate- 
rial can be used, ranging from brass to the 400 series of 
stainless steels and including high nickel content alloys such 
as Monel and Inconel. Write for literature. 


D. E. MAKEPEACE DIVISION «+ PINE & DUNHAM STREET 
ATTLEBORO, MASS. 


DOMESTIC DIVISIONS: AMERICAN PLATINUM & SILVER DIVISION * AMERSIL QUARTZ DIVISION * BAKER CONTACT DIVISION * BAKER DENTAL DIVISION * BAKER PLATINUM 
DIVISION * BAKER SETTING DIVISION * CHEMICAL DIVISION * HANOVIA LIQUID GOLD DIVISION * INSTRUMENTS & SYSTEMS DIVISION * IRVINGTON-BAKER REFINING Divi- 
SION * D. E. MAKEPEACE DIVISION * RESEARCH & DEVELOPMENT DIVISION * H. A. WILSON DIVISION. COMPANIES ABROAD: ENGELHARD INDUSTRIES OF CANADA, LTD., TO- 
RONTO * ENGELHARD INDUSTRIES LTOD., BAKER PLATINUM DIVISION, HANOVIA PRODUCTS DIVISION, LONDON * SOCIEDAD SURAMERICANA DE METALES PRECIOSOS S.A., BO- 


PROMPT PRECIOUS METAL SCRAP RECOVERY SERVICE - ENGELHARD PROCEDURES RECOVER 
METAL PROGRESS 


3 

Ch CAL 

} 

Ld 

Pantin? 

4 

4 

ge 
‘ 

‘i 
pata 
¢ 
- 
14 


a complete line of 
outstanding low temperature silver 


brazing alloys and ftuxes 


The completeness of the line of Silvaloy Low Temperature 
silver brazing alloys and fluxes enables you to select the 
alloy and flux “tailored” to the precise requirements of each 
brazing job. Further, Silvaloy alloys are available in the 
wire, coil, strip, plymetal and preformed shape most con- 
venient and economical for your production procedure. 

These are the finest low temperature brazing alloys and 
fluxes you can use. The Silvaloy bond is as strong or stronger 
than the metals joined—reason why the country's leading 
manufacturers rely upon Silvaloy brazing to speed and sim- 
plify production—to get best possible results at lowest cost. 

There's a Silvaloy expert brazing technician close to your 
plant. If you have a brazing problem, make it ours. Call or 
write for a technical consultation. 


AMERICAN PLATINUM & SILVER DIVISION 
231 N. J. RAILROAD AVENUE, NEWARK, N. J. 


Expendable immersion thermocouple for bath pyrometry 


This new Engelhard development presents unique advan- 
tages in efficiency and economy. Its primary function is the 
rapid and reliable measurement of steel temperatures in 
both open hearth and electric furnaces but it may also be 
used with equal efficiency for measuring the temperatures 
of other molten metals. 

Immersed into the body of molten metal, this thermo- 
couple reaches the metal temperature within seconds, the 
output signal being recorded to give a continuous tempera- 
ture record. After immersion, the thermocouple unit is easily 
removed from its socket in the portable iron pipe in which it 
is used, to be replaced with a new one for the next reading. 

The use of a new thermocouple for each bath temperature 
measurement assures positive performance and accuracy in 
individual readings. The Engelhard Expendable Immersion 
Thermocouple also offers advantages in speed, economy, 
convenience and safety, unattainable with any other type 
of temperature-reading equipment. Write for literature. 


INSTRUMENTS AND SYSTEMS DIVISION + 850 PASSAIC AVENUE 
EAST NEWARK, NEW JERSEY 


GOTA * ENGELHARD INDUSTRIES &.A.R.L., PARIS * ENGELHARD INDUSTRIES A/S. COPENHAGEN * GLOVER & GOODE PTY.,LTD., MELBOURNE * ENGELHARD INDUSTRIES, K.K., 
TOKYO * ENGELHARD INDUSTRIES, PTY., LTO., MELBOURNE * ENGELHARD INDUSTRIES, LTO., ZURICH * INDUSTRIE ENGELHARD S.P.A., ROME * GUILIANO STACCIOLI-METALLI PRE- 
ZIOSO S.P A., ROME * INVERSIONES EN INDUSTRIES NACIONALES, S.A., BOGOTA. ASSOCIATED COMPANIES: KALIE-CHEMIE-ENGELHARD KATALYSATOREN G.M.8.H., HANOVER 


100°% OF ASSAYED PRECIOUS METAL CONTENT - IRVINGTON-BAKER REFINING DIVISION 
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What HORACE DREVER has 
to say about Lindberg heat 


treating equipment 


QUOTE from Mr. Drever's 


unsolicited letter to 
Lindberg Engineering 
Company 


Mr. Horace Drever, internationally prominent in the industrial heating field, 
sl ‘ is a Past-President of the Furnace Manufacturers Association and President 


of Drever Company, furnace manufacturers and commercial heat treaters. 


“For the past three and one-half years, we have been operating one of your Type 
243618 GVRT Furnaces along with a 500 CFH Lindberg Hyen generator in our 
commercial heat treating division. We are extremely pleased, not only with the fine 
quality of work turned out by this equipment but also its relatively trouble-free operation. As 


evidence of our complete satisfaction we have ordered another Lindberg Furnace of this type?’ 


Weare happy that Mr. Drever, a furnace manufacturer 
in his own right, originally chose Lindberg equipment 
for his heat treating plant and that its satisfactory 
service prompted an additional order. The second 
Lindberg Furnace is now in production at Drever 
Company, as the adjacent photo shows. Bless those 
satisfied customers! If you have a product or process 
in the metal or ceramic field requiring the application 
of heat you can depend on Lindberg's engineering 
and design know-how to provide exactly the right 
equipment to answer your need. Get in touch with your 
nearest Lindberg Field Representative (see classified 
phone book) or write direct to Lindberg Engineering 
Company, 2448 West Hubbard Street, Chicago 12, 
Illinois. Los Angeles plant: 11937 South Regentview 
Avenue, Downey, California. In Canada: Birlefco- 
Lindberg, Ltd., Toronto. 


Circle 892 on Page 48-B 


Lindberg Furnaces in operation 
at the Drever Company, Bethayres, 
Pennsylvania. 
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American Steel & Wire 
Division of 
United States Steel 
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American Quality Manufacturers Products 
packaged to speed up handling 
and save storage space 


Standard Coils: American Steel & 
Wire manufactures standard coils in 
weights suited to your material han- 
dling equipment. 


Heavyweight Coils: These continu- 
ous wire coils, weighing up to 2,000 
pounds, speed up your production by 
reducing down time for setups and 
changes. One large coil takes the place 
of several smaller coils of same fotal 
weight—are much easier to handle. . . 
require much less storage space. 


... Quality controlled 
to help you make 


good products better 


Unitized Coils: These unit packs offer 
great savings in handling time and 
storage space. One unit, containing sev- 
eral coils, is easily handled; takes up 
less storage space than the same coils 
stored separately. 


To mass produce this bicycle 
padiock the Master Lock Com- 
pany uses USS Amer-Led 
Steel Bars. This leaded steel 
permits increased machining 
speed over equivalent non- 
leaded grades. The use of 
USS Amer-Led results in 
more accurate forming; .. . 
fewer rejects. 
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American Steel & Wire products and service facilities are available to you at no 
increase in cost. It will pay you to use these advantages. The quality and uniformity of 


USS American Manufacturers Wire brings you production economies through easier 


processing and fewer rejects. It makes a superior finished product that is more salable. 


And it is available in all the modern money-saving forms: 


Pay-off Drums: Long-run continuous 
coils of wire are packed and delivered 
in heavy fibre containers. These Pay- 
off Drums are easy to handle and stack 
for storage. These are ideal for use 
where wire finish requires special pro- 
tection from dirt and corrosive atmos- 
pheres. Available in most wire sizes 
with length and weight of coil to your 
specifications. You do not need to re- 
turn drums. 


American Screw Company 
turns out 14 million recessed 
head fasteners a day. Their 
most famous patent is the 
Phillips Head Screw, for which 
American Steel & Wire devel- 
oped a special cold heading 
wire, hard enough to produce 
strong, tough fasteners, yet 
soft enough to avoid splits 
and cracks when the Phillips 
punch is rammed into the 
coning blank. 


Disposable Spools: These new non- 
returnable spools can be supplied with 
any amount of fine wire—from 5 lbs. 
to 100 Ibs. These are easy to handle 
individually, and when shipped in quan- 
tity are delivered 36 to a pallet, ready 
for storage. 


The pair of round wire helical 


Platform Coil Carrier: The dispos- 
able platform carrier, made up of a 
U-shaped wire frame fastened to a plat- 
form, holds up to 3,000 pounds of spe- 
cial wire in one continuous length. It is 
often ideal for ordering and handling 
quantities of wire. 


American Steel & Wire 


single coil torsion springs on 
this chair were specially made 
for the Homecrest Company 
of Wadena, Minnesota. Under 
a 250-pound weight, the chair 
was test rocked 750,000 times 
without showing any sign of 
failure. Another success story 
for USS American Manufac- 
turers Products. 


Division of 
United States Steel 
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ss) Amerstrip ... gives you 
precisely what you need in a 


cold rolled strip 


Precision Finish. With USS Amer- 
strip we take special pains to give you 
a finish that is just right for the specific 
results you require in a finished prod- 
uct. We believe the Amerstrip finish is 
the finest you can get in the industry. 


Precisely Prepared Edges. Because 
USS Amerstrip is produced in order- 
sized quantities engineered to your own 
specifications, we can give you exactly 
the edge finish you need —square, stand- 
ard, round, full round or bevel. 


Precise Tempers. Whether your 
product must go through a deep draw 
or undergo other stringent forming op- 
erations, or if it requires a special tem- 
per for rigidity, you'll get the correct 
temper for the job when you order USS 


Amerstrip. 


Much of the sales-pulling 
beauty of Proctor Electric 
Company's modern toaster is 
due to the use of gold-finished, 
geometric-patterned USS 
Embossed Amerstrip. Ameri- 
can Steel & Wire specializes 
in the rolling of special em- 
bossed designs such as fhis 
for specific applications. Per- 


... to speed up 
production and 
keep your product 


4 

—_ 

“WH 

f 

4 

| 

3 

i 

a 
< 

ite: 
4 

4 
es 
« 


USS Amerstrip is a specialty product that has opened vast new production 

and sales possibilities for a growing number of alert manufacturers of consumer 
products. It is available in a variety of attractive finishes—plain or embossed. It permits 
production on precision machines. When you use USS Amerstrip, you get six distinct 
advantages not easily obtainable with other manufacturing methods or materials: 


Precise Width Tolerances. When 
your fabricating machines require a 
special width strip, you can be sure 
that’s the width you’ll get. We can pro- 
duce USS Amerstrip within required 
tolerance limits to fit your special re- 
quirements. 


Amerstrip is used in the man- 
ufacture of almost every part 
of the 15 types of Hustler 
Corporation skates made by 
Frantz Manufacturing Co. 
These skates will stand up 
under the punishing wear chil- 
dren may give them—yet main- 
tain their attractive finish. 
Amerstrip is tailored to each 
particular job ... has the 
physical properties to assure 
a good performance and effi- 
cient manufacture. 


Precise Thickness Tolerances. 
Whatever the thickness tolerance your 
machines demand, USS Amerstrip can 
give it to you. We can roll Amerstrip 
down to thickness tolerances of plus or 
minus .0005 inches. 


Precise Uniformity. Regardless of 
the size of your order every coil of USS 
Amerstrip comes off the line uniform 
in finish, temper, width and thickness. 
In short, USS Amerstrip’s precision 
production assures a continuous run 
and high yield. 


Amerock Corporation of 
Rockford, Illinois, makers of 
sash lifts, had trouble finding 
a strip steel that would meet 
its severe double drawing op- 
eration requirements. They 
brought the problem to Amer- 
ican Steel & Wire. Our metal- 
lurgists recommended a type 
of USS Amerstrip tailored to 
their deep drawing require- 
ments and capable of holding 
a finish suitable for plating. 


American Steel & Wire 


Division of 
United States Steel 
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Facilities and service 
second none! 


As the country’s largest manufacturer of wire and strip, we offer a 
single source of supply for all your varied manufacturers’ wire and 
strip requirements. 

Widespread modern facilities assure that your product will be made 
exactly to specification, thoroughly uniform in quality and dimension. 

Experienced sales representatives are at your service to assist in deter- 
mining how USS American Manufacturers Products can help make 
your product better. 

For more detailed information, get in touch with the nearest district 
office. American Steel & Wire, 614 Superior Ave., N.W., Cleveland 


13, Ohio. USS, American and Amerstrip are registered trademarks 


American Steel & Wire 
Division of 
United States Steel 


This mark tells you a product is made of modern, dependable Steel 
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a — Eliminate scaling and decarburization 
in heat treating, without special atmospheres — through the use of salt baths. Use AEROHEAT® 


heat treating salts for uniform, economical results in electric, gas or oil fired furnaces. For further 


information about Cyanamid chemicals for the metal industry or technical assistance, mail coupon. 


CYANAMID CHEMICALS FOR THE METAL INDUSTRY 
American Cyanamid Company 


HEAT TREATING SALTS: AEROHEAT 1700 1800°F to 2400°F; AEROHEAT Process Chemicals Department 
1400 1650°F to 2150°F; AEROHEAT 1000 1050°F to 1850°F; AEROHEAT 30 Rockefeller Plaza, N.Y. 20, N.Y. 

1200 1300°F to 1600°F; AEROHEAT 400 450°F to 1100°F; AEROHEAT 300 
325°F to 1100°F; Nitriding Salt 900°F to 1150°F. (] Cyanamid Salt Baths 
CARBURIZING AND CASE HARDENING COMPOUNDS: AEROCARB® E and (] Other Cyanamid Metal Chemicals 
W, A and B Case depths .005” to .045”, S and R, D Case depths .005” to 
.150”; AEROCASE® 28 and 510 Case depths .005” to .050”. 

OTHER CYANAMID METAL CHEMICALS: AEROMET® metallurgical additives 
for nitrogen addition to and desulfurization of ferrous metals; AEROSOL® 
surface active agents; metallic stearates; acids and other heavy chemicals. 


AMERICAN CYANAMID COMPANY 


PROCESS CHEMICALS DEPARTMENT « 30 Rockefeller Plaza, New York 20,N.Y. 
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FROM STEEL BILLETS TO HONEYCOMBS... NONDESTRUCTIVE 
TEST SYSTEMS-ALL ENGINEERED BY MAGNAFLUX 


Of course your testing problem is different! That is why you will find so many different Test 
Systems engineered by Magnaflux. This assures that any Magnaflux Test System or unit you order 
will meet your specific requirements or specifications. Actually we offer scores of systems, meth- 
ods, instruments and custom-engineered units. 

Even so, there is a big difference between providing nondestructive testing equipment and 
providjng solutions to testing problems. 

Providing solutions is the full time job of the entire Field Engineering group. They are closely 
supported by over 80 Magnaflux design and project engineers, full Research staff and technical 
men whose whole job is to develop, test and improve the equipment and the materials to make 
nondestructive testing most useful and profitable for you. 

In addition we offer nation-wide Commercial Inspection Service through Magnaflux Corporation 
owned test centers in fifteen principal cities. These plants provide testing to meet military and 
individual specifications, one part or one million, on regular schedules or to meet emergencies. 
Also complete Field Inspection Service any place, any time. 

A few of the many Magnaflux Test Systems are listed on the facing page. Your Magnaflux Field 
Engineer is ready to discuss any or all of them with you. Probably nowhere else can you get so 
much expert counsel without cost or obligation. Phone your local Field Engineer or write us today. 
Magnaflux Corporation, 7322 W. Lawrence Avenue, Chicago 31, Illinois. 


Magnafiux, Magnaglo, Zyglo, Zyglo-Pentrex, Bondcheck, Magnatest, Sonizon, Stresscoat and Spotcheck are registered trademarks of Magnafiux Corporation 


©1960, Magnatiux Corporation 
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efects other methods will likely infrared to find lack of braze 

ties, defects, characteristics Convenient kits find surface 
tronically. elec: flaws in metals for simple, quick bantita 
scale reading. Measurerecord- wear, thic ocations. This radio- 
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fatigue damage 


Machine duplicates actual stress-and-rest conditions 


Flexural stresses of varying magnitude and sequence are de- 
livered to material specimens and assemblies by this RIEHLE- 
LOSENHAUSEN fatigue testing equipment which simulates 
functional fatigue conditions. The basic system consists of 
a control console, a pulsator. a programmer and separate 
loading cylinders. 


Loads of varying magnitude are followed by either rest 
periods or by application of high static overloads. 


TESTS ENTIRE ASSEMBLIES 


Through the use of a steel testing stand, the RIEHLE- 

LOSENHAUSEN machine easily accommodates complete struc- 

tural assemblies such as the following: wings, fuselages, tails 

and other components of aircraft frames; machinery and 
Circle 825 on Page 48-B 


Riehle’ MACHINES 


engine parts and assemblies; hull sections of ships; girders 
and joints of bridges; pre-stressed concrete beams and built- 
up timbers. Separate loads can be applied at various points. 


Whatever your materials testing problems might be, there 
is a RIEHLE complete standard machine or custom built unit 
to meet your strictest requirements. Capacities range from 
10,000 to 400,000 pounds. 


ALSO FROM RIEHLE .. . Hydraulic and Screw Power 
Universal Testing Machines, Creep, Stress Rupture and 
Fatigue Testing Machines, Impact, Brinell, Torsion, Con- 
struction Materials, Horizontal Chain, Rope and Cable 
Testing Machines, Portable Hardness Testers for Rockwell 
Readings, etc. 


MAIL COUPON FOR ADDITIONAL 


RIEHLE TESTING MACHINES 
Division of American Machine and Metals, Inc. 


Dept MP-860, East Moline, Illinois 


DIVISION OF 


earican Machine and Metals, Inc. 


EAST MOLINE, ILLINOIS 


"One test is worth a thousand expert opinions’’ ™ 


INFORMATION 


Please send free literature on RIEHLE Testing Machines. 


(Type of Machine) 


NAME 


COMPANY 


ADDRESS 


CITY @ ZONE STATE 


Divisions of American Machine and Metals. Inc. 


TROY Lt 


Y RIEHLE TESTING MACHINES DE SOTHEZAT FANS TOLHURST CENTRIFUGALS FILTRATION ENGINEERS FILTRATION FABRICS 
NIAGARA FILTERS @ UNITED STATES GAUGE « RAHM INSTRUMENTS ¢ LAMB ELECTRIC COMPANY ¢ HUNTER SPRING COMPANY © GLASER-STEERS CORPORATION 
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Electrical Materials 
“Fernico-5” Alloy 


This iron-nickel-cobalt alloy has thermal expansion char- 
acteristics similar to alumina. In older types of ceramic- 
to-metal seals, the electrical industry has not been able 
to take full advantage of the strength, heat resistance, and 
insulating properties of alumina because of the expansion 
mismatch. Fernico-5 is an inexpensive, easily fabricated 
alloy that can be used with alumina in such products as 
electron tubes, capacitors, switchgear, and high-tempera- 
ture circuits. General Electric Co. 

For further information circle No. 555 
on literature request card, p. 48B 


Radiation and 
Nuclear Materials 
Extrusion of Nuclear Materials 
Special problems encoun- 
tered in extruding nuclear 
materials have been solved 
by completely shielding the 
working area in an_ inert 
atmosphere. The first hori- 
zontal hydraulic 600-ton ex- 
trusion press with this feature 
was installed at Argonne 
National Laboratory. As with 
all Sutton Engineering Co. 
presses, control is from a omg 
pit with all functions visible to the operator. All parts are 
accessible for easy maintenance, and dead-cycle time has 
been reduced to a minimum for increased production. 
For further information circle No. 556 
on literature request card, p. 48B 


Ductile Sintered Materials 


Nuclear control materials — dispersions of boron or rare- 
earth oxide in an aluminum matrix — are now almost as 
ductile as pure aluminum. Formerly, even small amounts 


AUGUST 1960 


of these additives have seriously embrittled aluminum. 
The “Sinterwrought” process — sintering and working 
composite materials — can be employed in producing com- 
positions containing up to 30% (by volume) dispersoid. 
Extremely close tolerances (+0.01%) on composition can 
be held, the impurity content can be kept quite low, and 
the composites are usually dense and uniform in compo- 
sition. Composites can be fabricated into tubes, strip, foil, 
or plates, and stainless steel may be substituted as the 
matrix material. Sintercast Div., Chromalloy Corp. 
For further information circle No. 557 
on literature request card, p. 48B 


Tool Materials 
Drill for Hardened Steel 


In drilling hardened steel, 
Rockwell C-51 and _ harder, 
the area at the drill point is 
annealed as heavy pressure is 
applied. The drill then re- 
moves a softened chip. It can 
be resharpened or modified 
with an aluminum oxide 
wheel, since the tool is not 
made of carbide. High red- 
hardness prevents excessive 
damage to the point. The in- 
tense heat does round the 
point slightly, which actu- 
ally helps in generating additional heat for annealing. The 
annealing effect is local and confined to a small area ad- 
jacent to the hole. This tool cannot be used on material 
which is naturally hard, but manganese steel and similar 
work hardening alloys can be drilled. DoALL Co. 

For further information circle No. 558 
on literature request card, p. 48B 


Industrial Heating Equipment 

Inspirator Burners 
The “HP 220 Series” high-pressure burner, with pul- 

sating action, comes to full heat instantly. The fuel mix- 
ture is actually exploded; this accounts for the efficiency 
of the unit and the high temperatures produced. The 
burner mixes high pressure (5 psi. min.) gas and air at 
the nozzle and may attain a fuel savings of 30% depend- 
ing on use. ny ene include ladle heaters, core ovens, 
heat treating furnaces, and ceramic and foundry uses. 
E. W. Bliss Co. 

For further information circle No. 559 

on literature request card, p. 48B 


Zone Refining Furnace 


The “Model 60-SC” furnace apparatus supplied by 
Marshall Products Co. consists of two or more tubular 
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INTERNATIONAL SILVER 
ANNEALS 35,000 LBS. OF 
BRASS & CUPRO-NICKEL A DAY 


in these Power Convection bases 


One man is now as productive as many 2-or-3 
man annealing departments, and the tools that 
make him so valuable are these Surface Power 
Convection* annealing bases. Along with his 
production rate of 35,000 Ibs. a day, he gets ex- 
ceptional quality in his finished brass and cupro- 
nickel coils. Power Convection equipment 
never lets the temperature vary more than 10°F 
from top to bottom of a load. While one load 
is heating or soaking, a second is cooling, and the 
operator prepares the third load on its tray. A 


single crane handles all loading and unloading. 

All the operator does to start a heating cycle 
is make a single electrical connection between 
cover and base. The International Silver Company, 
Meriden, Connecticut, is one of many manufac- 
turers who are realizing higher earnings from 
Surface Power Convection equipment. You can 
be another, simply by calling Surface Combustion, 
2377 Dorr Street, Toledo 1, Ohio. In Canada: 
Surface Industrial Furnaces Ltd., Toronto, Ont. 


*Trademark of Surtace Combustion, Division of Midland-Ross Corp. 
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furnaces mounted on a common axis. This permits zone 
refining, directional freezing, slow crystallization, seed- 
ing, and crystal growing in the quartz work tube. Suffi- 
cient shunt taps are supplied with each furnace to estab- 
lish any reasonable temperature profile. Sharp tempera- 


ture gradients between units may be established by ad- 
justing furnace spacing. All furnaces can be driven as a 
unit at speeds between % and 6 in. per hour. The appa- 
ratus can also be operated in a vertical position for “Bridg- 
man Drop” experiments. 
For further information circle No. 560 
on literature request card, p. 48B 


Front and Back Loading Oven 


For convenience in loading bulky products and test 
items for drying, curing, or heat treating, the Electric 
Hotpack Co. offers an industrial oven with front and back 
door openings. A foot-operated door release also aids 
loading operations. The chamber floor is reinforced to 
support a 500-lb. load. An automatic thermostat controls 
temperatures between 95 and 500° F. within +5° and 
an overtemperature controller prevents the chamber from 


Corp.’s  pyrometer include 

furnaces and kilns operating 

at 1400 to 6000°F. These 

rugged yet sensitive instru- 

ments are calibrated to match 

the precision of the best 

base-metal _ thermocouples. 

They are temperature com- 

pensated, include emissivity 

adjustment, and come in a wide selection of temperature 
ranges with Centigrade or Fahrenheit scales. This pyrom- 
eter can be used with any millivoltmeter controller or in- 
dicator. 

For further information circle No. 562 
on literature request card, p. 48B 


Cleaning and Finishing 
Tartrate Plating Additive 


“TPA,” manufactured by Cowles Chemical Co., is a 
direct replacement for rochelle salts in bronze, brass, cop- 
per-strike, and copper plating solutions. It is a liquid con- 
centrate which instantly goes into solution without yrs 
Tartrate added in this way provides more uniform anode 
corrosion and increases the cathode efficiency. This aids 
in producing a finer grain and a clearer, brighter deposit. 
TPA also minimizes the need for filtration because it com- 
bines with organic and metallic contaminants. 

For further information circle No. 563 
on literature request card, p. 48B 


Plastic Coating 


A clear plastic coating for metal, which leaves no film 
of any kind when stripped away, has been announced by 


exceeding the thermostat setting. A 

high-velocity blower provides ther- 

mal uniformity and four inches of 

glass wool insulation assures maxi- 

mum heat retention. 

For further information circle No. 561 
on literature request card, p. 48B 


Radiation Pyrometer 


The “West-Land” radiation py- 
rometer provides continuous and ac- 
curate temperature control without 
requiring attention, as long as the 
target area exceeds a minimum 
value. Other radiation “tubes” re- 


8811 Lyndon Ave., Detroit 38, Mich. 


Tensile Testers 


® Motorized ® Bench-Mounted 
*Easy-to-Operate *Low Cost 
Capacities from 1,000 to 20,000 Ibs. 


Available in two general sizes that occupy minimum 
space and provide consistently accurate and depend- 
able results. Simple, easy-to-use controls are con- 
veniently located on front of base. Jaws are quickly 
changed to accommodate specimens of different 
sizes. Operation is hydraulic; powered by 1/6-hp. 
110-v motor. Load gage is protected from specimen- 
fracture shock by rubber mount. Twin load gages 
and floor stand are available as optional equipment. 


Write or call if you have 
any special testing problem 


These machines 
are designed to 
also perform com- 
pression tests. 


Distributors in most 
major metalworking areas 


quire considerable adjusting if the 
size of the target area or the distance 


from the sighting point changes. Ap- 


plications for the West Instrument ian 
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How a Shrink-Fit E-x-p-a-n-d-s Profits 
Copeland Saves 
$100,000.00 Year 


Press-Fit Method 


In the assembly of motor-compressors for their brazing, heat-treating, forging or melting, look to 
air conditioning and refrigeration products, Cope- © TOCCO for an economical solution to any metal- 
land Refrigeration Corporation formerly employed heating problem. 

air presses for force-fitting their 1/5 HP through 

1% HP motor housings and stators. This method 

was costing Copeland $100,000.00 annually in 

labor, material and quality control expense to 

maintain the high quality of its product. 


TOCCO Shrink-Fit Method 
To reduce these costs, Copeland installed a30kw, 
10,000 cycle TOCCO Induction Heating Unit. | Mail Coupon Today— NEW FREE Bulletin 
Motor housings are heated to 400°F. resulting in The Ohie Crankshaft Co. + Dept. R-8, Cleveland 5, Ohie 

up to .013” expansion. After cooling, the motor Please send copy of “Typical Results of TOCCO Induction Heating— 
housing shrinks to form a predictable and perfect platen, Cyne." 

fit with the stator. Stator scoring and distortion 
are eliminated and $100,000.00 annual saving 
realized. 


Whether your production problem is shrink- 
fitting or higher temperature applications such as 


THE OHIO CRANKSHAFT COMPANY 


| 

| 

( 

| 

with TOCCO uction Heatin 

= 
= 

: 
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Fidelity Chemical Products Corp. It is excellent as a 
“stop-off” material in electroplating or painting opera- 
tions. Since the “Dip-Pak No. 637” coating exudes no oil 
when left standing at room temperature, it can be used 
to protect metals (temporarily) against corrosion. The 
formulation melts at 360’ F. and it is applied by dipping 
a part in the molten plastic. The tough, moisture resistant 
coating is easily removed by peeling, and it can be re- 
melted and reused. 
For further information circle No. 564 


Polishing Machine 

The “Uni-Finisher” pol- 
ishing machine employs an 
impregnated nylon wheel. 
This machine will apply a 
light abrasive action to 
metal, plastic or wood 
sheets — from 6 to 50 in. 
wide and up to 4 in. thick 
— at speeds to 60 lineal ft. 


per min. Polishing wheels 


are available in sizes up to 


20 in. and the degree of oscillation can be varied to suit 

the job requirement. Powered feed-rolls and off-bearing 

rolls — or endless belt feed — can be furnished as required. 

The Uni-Finisher is suitable as an integral part of an au- 

tomatic, conveyerized finishing system. Union Tool Corp. 
For further information circle No. 565 on p. 48B 


Airless Spray Coating System 


Aro Equipment Corp. has designed an airless spray- 
coating pump for production line painting and for appli- 


metallic rectifier; life-time cooling system; and Cam-lok 
terminals. This welder has the durability and performance 
characteristics of the “SRH All-Weather” model, but the 
Silver Star is designed and built for indoor use. The sav- 
ings realized in not completely weather-proofing permit 
the production of a high-quality, lower-priced welder. 
Dual current ranges are available on two models: “H-3- 
SR,” 40 to 295 and 75 to 450 amp.; and “H-4-SR,” 50 to 
350 and 100 to 600 amp. 
For further information circle No. 567 
on literature request card, p. 48B 


Misfire Detector 


A misfire detector for resistance welding control equip- 
ment helps assure perfect welding. Any misfire of the 
control's ignitron contactors trips a relay which can then 
operate a signal light, horn, counter, marking device, re- 
ject mechanism, or shutdown circuit. The detector is use- 
ful in automatic seam welding of alloys with a narrow 
plastic range. It helps prevent overloading an ignitron and 
indicates when tubes needs replacement. The detector, 
designed to plug into an existing welding control panel, 
can also be applied to any other type of heating control 
equipment that uses an ignitron contactor. General Elec- 
tric Co. 

For further information circle No. 568 
on literature request card, p. 48B 


LP-Gas Welding Outfit 

Smith Welding Equipment Corp. is offering the “Big 
98 LP,” a unit which burns LP gas and can be used for 
heating, cutting, brazing, welding and soldering. A new 
braze-welding tip for LP gas will fusion weld sheet up 
to 14 gage, and can successfully braze sheet of any thick- 


cations involving wide-area cover- 
age. The unit supplies paint to the 
spray gun at a hydraulic pressure 
20 times normal air supply pressure. 
This virtually eliminates fog and 
overspray. The need for exhaust 
equipment, drop cloths, and mask- 
ing is minimized and a 50% saving 
in paint is possible. It is claimed that 
one coat of paint supplied by the 
airless method is thicker than two 
coats applied by conventional meth- 
ods. An “Aro” pump can supply 
enough paint to cover 10,000 sq.ft. 
in eleven minutes. 

For further information circle No. 566 

on literature request card, p. 48B 


Welding and Joining 
D-C Welder 
Features of the “Silver Star” d-c 
rectifier welder include: horizontal 
design for stacking (added space is 
gained); completely sealed semi- 


Model DH-1 


AUGUST 1960 


Write today for more 


information about our MACHINE COMPANY 


It’s ‘DETROIT’ in the 
Lab and on the Line 


Dependable Brinell testing is 
yours—in the laboratory and 
on the production line. Use 
the simple, rugged HB series 
tester with its hand pumped 
hydraulic system in the lab. 
Use the direct reading, fast- 
acting DH-1 tester on the 
line. No grinding of work 
pieces, and tests are made as 
fast as the pieces can be 
handled. Many modifications 
are available. 


Model HB-1 


Q 


DETROIT TESTING 


Brinell testers 


9384 Grinnell Avenue, Detroit 13, Michigan 
Circle 829 on Page 48-8 
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BRIDGEPORT ANNOUNCES 


* 


new condenser tube alloy 
radically reduces biofoulin 


NEON 


After cleaning, the Alloy 77 tube (top) shows considerably less corrosive attack than the 
aluminum brass tube (bottom). Both tubes were exposed to identical operating conditions. 


ALUMINUM. BRASS. 


Metallurgical history is being made by Bridgeport’s use of Mercury 
as the corrosion inhibitor in Alloy 77, the first completely new con- 
denser-tube alloy developed in years. Startling advantages for this 
alloy have been uncovered during 18 years of continuous laboratory 
and field service tests. 


The advantages of Alloy 77 have been proven 
time and again in sea water, fresh water 


Alloy 77 does what has never been done before in the control of bio- 
fouling. The Mercurial Brass Alloy kills living biorganisms before 
they have a chance to attach themselves to tube interiors. Costly 
chlorination treatments are reduced and no unusual cleaning 
methods are needed. 

Chlorine Dollars, Cleaning Dollars, Lost Heat Transfer Efficiency 
Dollars can be saved when you tube or retube with Bridgeport Alloy 
77. Full details can be had immediately from our Technical Data 
Folder. A request to Dept. 8308 for *77” will get you your copy. 
°U.S. Patent No. 2,887,374, May 19, 1959 


and brackish water. Check these advantages: 
1. Radically reduced biofouling 
2. Higher transfer efficiency 
3. Excellent general corrosion resistance 
4. Forms soft, thin, powdery scale 
5. Simple, easy cleaning 
6. Field tested performance 


BRIDGEPORT... BRASS COMPANY 


Bridgeport 2, Connecticut Specialists in Metals from Aluminum to Zirconium 


Circle 830 on Page 48-B METAL PROGRESS 
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ness. The cutting tip will handle 
metal up to 4 in. thick. The outfit 
includes a midrange soldering tip 
and adapter for use with LP gas 
and air. The basic parts of this unit 
are interchangeable and can be used 
with acetylene — simply add the cor- 
rect acetylene cutting or welding tip. 
For further information circle No. 569 


Traveling-Head Seam Welder 


This machine produces rocket 
motor shells from flat sheets at a rate 
of 500 per hr. Blank sheets are auto- 
matically fed into the “form-and- 
weld” unit where the sheet is formed 
into a shell and the overlap edges 
are seam welded. An expander unit 
then increases the cylinder diameter 
to design size. Weld power is de- 
rived from a 400 kva. transformer. 


The weld head is operated by an 
air cylinder which can apply 4000 
Ib. weld force. Welding speeds up 
to 20 ft. per min. can be obtained. 
The expanding equipment is hy- 
draulically operated and is capable 
of providing a maximum pressure of 
30 tons. Cycle time for the complete 
operation, including expanding and 
collapsing mandrel, is about 3 sec. 
Federal Machine and Welding Co. 


For further information circle No. 570 


Midget Welder Control 


A control for resistance welding ~ 
being offered by Robotron Corp.; 
measures 6 by 10 by 10 in. nde 
weighs only 21 Ib. Although small, 
this is a true synchronous precision 
welder control in function and per- 
formance. Important applications are 
in the electronic tube industry and 
the art metal industry, including 
welding of metal ornamentation on 
lamps, furniture, and picture frames. 
Another job is welding metal tabs on 
venetian blinds for added strength. 
The “Model 10E76E-C” is employed 
with small welding machines that 
operate within the limits of a 12- 
amp., 50% duty-cycle thyratron 
contactor having an input voltage of 
115 or 230 v., 50 or 60 cycle only. 
Weld-time adjustment from % to 10 
cycles; phase shift heat control from 
20 to 100%. 

For further information circle No. 571 


AUGUST 1960 


A NEW ASM BOOK FOR MOLY-CONSCIOUS 
METALS ENGINEERS 


At Los Angeles in the summer of ‘58, the 
nation’s leading metals engineers met in an 
ASM conference on “Fabrication of Molyb- 
denum”. Molybdenum fabrication tech- 
nology, as developed and practiced by 
leading fabricators, was discussed in 18 
papers presented at the conference. Much 
of the information was previously classified 


“Fabrication of Molybdenum”. To make 
this book available to you as quickly as 
possible, ASM has published it in a paper 
bound, 8% x 11 inch format. You or your 
firm can benefit from the great promise 
that molybdenum holds in high temperature 
applications, and “Fabrication of Molyb- 
denum” will bring you up to date on all 


and appears in print for the first time in that is known about molybdenum today. 


TABLE OF CONTENTS 


Molybdenum as a Structural Material © Development of Molybdenum Base Alloys ® 
The Production and Quality of Molybdenum Mill Products ® Welding of Molybdenum 
© Brazing of Molybdenum ® Ultrasonic Welding ® Fusion Welding of Molybdenum 
Power Plant Components ® Protective Coating Systems for Molybdenum © Machining 
of Molybdenum and Its Alloys © Press Extrusion of Molybdenum Tubing © Forming of 
Clad Molybdenum ® Forging of Molybdenum and Its Alloys © Testing in the Hot Rod 
Engine © Coating Development and Evaluation ® Fabrication of Electronic Tube Com- 
ponents © Missile Structures and Powerplants ® Molybdenum Requirements in the 
Petrochemical Industry © Molybdenum Requirements in the Nuclear Energy Field. 


ORDER TODAY: 


FABRICATION OF MOLYBDENUM—18 CHAPTER—221 P.— 
ILLUSTRATED—PAPER BOUND—8'2 x 11—$6.50 


AMERICAN SOCIETY FOR METALS 
Technical Books | 
Metals Pork | 
Novelty, Ohio | 
Please send _______._ copy(s) of Fabrication of Molybdenum @ $6.50 | 
each. Enclosed find: Bill me: my company: | 

Cornpany: | 
Check here for free ASM Book Catalog: o} 
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ANNEALING A.MARIEY. OF PARTS: 


Basket of parts is pushed from the end table through gas flame curtain 
of charging door into heating chamber. The charging door and inner 
refractory doors of heating chamber are pneumatically-operated. 


MINIMIZED 


Processing metal parts for several manufacturers on a con- 
tract basis, Edward E. Russell Co., Wallingford, Conn. uses 
two Harper box furnaces for brazing with copper and silver 
alloys as well as for annealing. Parts from 1/4” in diameter 
up to 11” x 7” x 36” are treated at temperatures up to 
2350°F. Each furnace handles up to 200 Ibs./hr. net. 

The first Harper furnace (shown above) went into opera- 
tion in 1951 and the second during 1953. Both have been 
in continual use since installation with practically no lost 
time for maintenance. 

The company reports that the furnaces have “not only 
proved extremely economical, but are exceptionally versa- 
tile, easy to control and productive of high quality work.” 

The next time you're considering the purchase of a 


Clean, bright brazed parts are drawn from the water-jacketed cooling 
chamber at the exit end of furnace. In this instance, four baskets can 
be cooled while one basket is being treated in the heating chamber. 


BUSY SHOP 


furnace for brazing, sintering or annealing, you'll find it 
worth your while to discuss job requirements with a Harper 
representative ... for Harper can build the furnace best 
suited to your needs: box, pusher, mesh belt hump or 
straight-thru, roller hearth, bell, elevator or pit. To obtain 
detailed information, write: Harper Electric Furnace 
Corporation, 40 River St., Buffalo 2, N. Y. 


HARPER 


FOR BRAZING, SINTERING, BRIGHT ANNEALING, AND FORGING IN RESEARCH AND PRODUCTION 
Circle 832 on Page 48-B 
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Inspection and Control Equipment 
Mobile Hardness Tester 


Wilson Mechanical Instrument Div. announces 
an accurate, mobile tester for obtaining Rock- 
well hardness readings on large or bulky metal 
components. This direct-reading unit consists of 
an indenter head and a cast aluminum C-frame 
which is lightweight, yet rugged. Minor and 
major test loads are produced by preloaded 
springs. For different load ranges, the complete 
spring units are interchangeable. “Model M1” 
has a 3.3-in. throat depth and will measure work 
up to 6.3 in. thick. “Model M2” has a 5.1-in. 
throat depth and will measure 9.8-in. thick ma- 
terial. Accessories for testing with Rockwell A 
and B scales are available. 

For further information circle No. 572 


Rosette Strain Gage 

A single-plane strain gage made by Baldwin- 
Lima-Hamilton Corp. offers several advantages 
over other rosette gages. It is a very thin gage, 
which minimizes errors encountered in bending 
measurements. It has a maximum of sensing ele- 
ments in a given area, giving measurements 
closer to a point. The gages are made from mate- 
rials selected and treated to minimize tempera- 
ture effects when bonded to several different 
alloys. They are available on epoxy, paper, or 
phenolic matrices in % and %-in. sizes and in 45° 
and 60° configurations. 

For further information circle No. 573 


Time-Speed Recorder 

This recording instrument aids in detect- 
ing hidden trouble in machine processes by 
timing short-duration events to millisecond 
accuracy. For monitoring automatic opera- 
tions, the “Time-Speed Recorder” provides 
accurate timing along with “time-of-day” 
information. This helps spot difficulties often 
missed by stop-watch studies. Standard 
chart speeds of %4, 1%, 3, 6 and 12 in. per 
hr. (and per min.) as well as sweep time 
scale ranges of 1 sec. to 1 hr. are available. 
Special charts with scales for measuring 
p may (as an inverse function of time) are 

offered. A chronograph pen permits 

simultaneous recording of the time other 
related events occur. R. B. Annis Co. 

For further information circle No. 574 


Programed Control for Plate Mill 


The Westinghouse Electric Corp. is control is minimal. The computer de- 


furnishing the computer-programed 
controls for U.S. Steel Corp.'s auto- 
matic plate mill in Gary, Indiana. 
“Prodac” controls feature a combina- 
tion of card programing, computing, 
and correction monitoring by means 
of roll-force and X-ray thickness meas- 
urements to produce plate within 
close tolerances of specified thickness, 
width and length. Punched-card digi- 
tal input to the computer-programing 


termines the number and sequence of 
passes and screwdown settings, and 
uses control feedback information to 
correct for dimensional deviations. 
Taking the place of flywheels or syn- 
chronous m-g_ sets, Westinghouse’s 
converter-inverter ignitrons will sup- 
ply power to the mill drive-motors 
with the proper voltage polarities 
needed for reversing service. Power 
can also be regenerated. 


For further information circle No. 575 on literature request card, p. 48B 
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: THE GLOBE STEEL ABRASIVE CO. 


abrasives 


for you 


We can now make, and deliver in 
every shipment, the exact type of 
“Malleabrasive™ shot or grit that will 
do your particular job best .. . and ot 
lowes? cost to you. 


With new, precision controlled 
equipment and specialized techniques 
“‘Malleabrasive"’ is now job-made to 
meet each individual cleaning condition. 


Why settle for make-shift, 
general purpose abrasives 
when you can have 
“Malleabrasive" tailor-made 
for you? We'll welcome the 
chance to tell you how 

you can benefit. 


Write us. 
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wpplies from coast te coast. 
i Circle 833 on Page 48-8 


Unique General Alloys’ 


WROUGHT-CAST 


give consistent long life 


General Alloys’ combination Wrought-Cast Radi- 
ant Tube Assemblies give consistent long life be- 
cause they combine a cast return bend with straight 
tubes made from rolled and welded plate. 


This design utilizes the erosion resistance of the 
casting where it is most needed . . . at the return 
bend. The uniform wall section of the plate form- 
ing the straight tube, and its smooth interior surface, 
prevent “hot spots” and “carbon build-up” that are 
the prime causes of erratic tube life. 


General Alloys Company is unique as a major 
producer of both castings and fabrications and 
therefore can recommend, without bias, the type of 
construction best suited for your needs. 


For complete data, quotes, or engineering service 
contact the office nearest you . . . or write General 
Alloys Company, 401 West First Street, Boston 27, 
Massachusetts. 


Lindberg Furnace Tube 
General Alloys is a 
Lindberg Licensee 


All Fabricated 


General Alloys Company also produces en- 
tirely cast, as well as entirely fabricated 
radiant tube assemblies, in all the heat resist- 
ing alloys for every purpose and in every size. 


Ask about how our tube repair service can save you money! 


GENERAL ALLOYS CO. 
the only producer of both heat resisting castings and fabrications 
National Engineering Service with offices and representatives in principal cities LOUISVILLE 7, 7, Kentucky 


‘els Co. 


BAKER, La. 
Cross Sales & Engineering Co. 
P.0. Box 176 


BALTIMORE, Maryland 
Emil Gathmana, Jr. 
413 North Charles Street 


BIRMINGHAM, Alabama 
Harry G. Mouat Co. 
544 American Life Bidg. 


BUFFALO 23, New York 
General 


Alloys Company 
P.O. Box 2395 


CHICAGO, Iilinois 
General Alloys pany 
224 S. Michigan Ave. 

CLEVELAND 15, Ohio 
E. E. Whiteside 


DENVER 15, Colorado 
Tracy C. Jarrett 
95 S. Ammons St. 


DETROIT 2, 
General Alloys 
3-147 General Bldg. 


FORT WAYNE 8, Indiana 
The George 0. Desautels Co. 
2906 Broadway 

3, Texas 

E. Brice Co. 
‘Bastrop St. 

INDIANAPOLIS 8, Indiana 
The George 0. Desautels Co. 

2302 N. Meridian Street 


LOS ANGELES, Calif. 
National Furnace Co., Inc. 
5251 Tweedy Bivd. 

South Gate, Califernia 


Circle 834 on Page 48-B 


George 

4003 Hycliffe 

F. G. Donetrio 

463 Seott St. 
MUNCIE, Indiana 

The George 0. Desautels Co. 

405 Wysor Bidg. 
NEW ENGLAND 

David L. Ellis 

Hayward Mill Road 

West Concord, Mass. 


PHILADELPHIA 20, Pa. 
General Alloys Co. 
P.O. Box 2714 
PITTSBURGH 15, Pa. 
Vincent C. Leatherby 
104 Fourth St. 
Sharpsburg, Pa. 
ROCKFORD. 
Benjamin F. 
1603 Jonathan ey 
ST. LOUIS 16, Missouri 
Associated Steel Mills, Ine. 
P.O. Box 1986, Meramee Station 
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To Produ:ze Industry's Toughest High-Strength Alloy Bolts—from 


Heat-Treating through Testing—Voi-Shan chose 


FURNACES 
INDUSTRIAL EQUIPMENT 


hen difficulties were encountered in meeting 
hardening requirements of high-strength alloy 
bolts, the heat-treat department at Voi-Shan Manu- 
facturing was authorized to find the best furnace 
equipment possible to eliminate this problem. 
After a survey of available equipment, three Pacific 
Scientific Carburizers, a Pacific Karbomatic, three 
water-jacketed cooling pits and a 1000 CFH Nitro- 
gen Generator were selected as best for the job! 
In addition, Pacific’s Industrial Division supplied 
one Waukee Washer for cleaning treated bolts, and 
two Wilson Rockwell Hardness Testers for check- 
ing all bolts before shipment. 
In use now for over a year—drawing, normalizing, 
annealing and hardening alloys such as A286, Vasco 
Jet 1000, Inconel monel 5616, Udimet 500, 8740 
and 4340—the Pacific installa- 
tion has lived up to expectations. 
Operation of these Pacific fur- 
naces is a simple one man job. 
The Pacific Karbo-Matic pro- 


TRADE MARK 


vides completely automatic operation. A control 
console is provided with the three Pit Carburizers 
which provide automatic hardening between 
1500° F. and 1900° F. After heating, parts may be 
aged or tempered under atmosphere in the cooling 
pits to room temperature. 

Perhaps a Pacific furnace could be the solution to a 
heat-treating problem of yours. A complete line of 
Pacific furnaces is available for practically every 
heat-treating need. In addition, Pacific can supply 
a full range of heat-treating accessories such as 
washers, molecular sieves, thermocouples, and phy- 
sical testing equipment. 

Call the nearest Pacific office now to investigate. 
A Pacific engineer will be glad to help you, at no 
obligation, of course. 


GAS, OR ELECTRIC INDUSTRIAL HEAT TREATING EQUIPMENT 


PACIFIC SCIENTIFIC COMPANY, P.O. Box 22019, Los Angeles 22, Calif. . 
(CO Please sendme (] Please sendme ([) Please send me a copy 
information on FREE of your new catalog 
’ and full information on 
SAN Equi 
SEATTL= 
PORTLAND, 
ARLINGTON, 
SAN 


Creative Development 
and Manufacturing 
in Furnace Design 
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_ from General Electric. | 


Electric Elevator Furnaces from General Electric give 
you higher quality, increased production, and greater econ- 
omy in stress relieving and annealing of heavy batch loads. 
Particularly well-suited for loads which require fairly long 
heat treating cycles, these furnaces provide minimum cycle 
length and accurate, reproducible heat treating cycles. Uni- J 
form heat distribution and accurate temperature control General Electric Company, Schenectady 5, 
are assured by proper insulation, correct distribution of New York. 736-02 


heating units, and gas-tight heat seal. Elevated design gives 
Progress /s Our Most Important Product 


extra floor space and flexibility of operation; eliminates 
tor heat di fort. Lo lif Its because fur- IP 
nace components are stationary and load is eased into place. GENERAL G7 ELECTRIC 


Circle 893 on Page 48-B 


Ask your General Electric Sales Engineer 
for complete data on G-E Electric Elevator 
Furnaces. Write today for bulletin GED-4092. 


METALS 


yesterday— 
today— 


tomorrow. 


a fascinating ASM book 
by Dr. J. Gordon Parr 


This is a book for technician and student alike to 
copy(s) of Man, Metals & Modern Magic $ 
@ 65.96, Postage Paid enjoy—a story of metallurgical progress through the 


! Send to: American Society for Metals 
| Technical & Engineering Book Information Service 


Bill Me 
— es ages to the challenging problems of science that must 


be solved tomorrow. Enjoyable reading—an ideal gift. 


15 Chapters...44 Illustrations...235 Pages...$2.95 
Red Cloth Binding . . . Published April, 1958 
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a 
_@-year of pemition proves our decision. was wise: 


After a year of operation, the 100 ton electric 
furnace has proved to be an efficient, economical, 
and flexible tool for our steelmaking program. The 
installation was made after years of investigation 
into the type of equipment which would best serve 
our needs. After working with this equipment, we 
have found that the electric furnace is all we predicted 
it would be and in many instances its performance far 
surpasses our predictions. The major advantages we 
have realized with the electric furnace are: 


@ LOWER FIRST COSTS 

LOWER PRODUCTION COSTS 
INCREASED OUTPUT 

FASTER HEATS 

FLEXIBILITY OF PRODUCT PRODUCED 
FLEXIBILITY OF OPERATIONS 

LOWER MAINTENANCE COSTS 


Introduction 


For many years, Lukens Steel Company has invested 
large sums of money in expansion and improvement pro- 
grams in order to meet the challenge of a highly competi- 
tive industry that constantly changes because of tech- 
nological developments. The advances have brought 
Lukens step by step from a company that was built on 
the banks of the Brandywine 150 years ago by Isaac 
Pennock, to a company that today is an inspiring example 
of the best American tradition in the production of iron 
and steel. 

Some of the changes we have made since our early days 
were minor and some were major in nature. As recently 
as July 1957, ground was broken for the largest single 
expansion program in our company’s history. When the 
program was completed in April 1959, we had invested 


L. P. McALLISTER 
General Manager, Production 
Lukens Steel Company 


roughly 33 million dollars in steelmaking, heating, and 
rolling equipment. Approximately 12 million dollars of the 
total applied to a 100 ton top-charge electric furnace plus 
accessory equipment and building. The remaining 21 
million dollars covered installation of a four-high 140 
inch slabbing mill and added heating capacity and ex- 
panded finishing area. 

This expansion program raised our ingot-making capac- 
ity by 24 per cent from 750,000 ingot tons a year to 930,000 
ingot tons; the new slabbing mill increased rolling capac- 
ity of the combined mills by approximately 40 per cent. 

Any company planning a major expansion program 
such as this would naturally be as thorough as possible 
in investigating approaches that add up to a sound, effi- 
cient and economical solution. Actually, our needs could 
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our decision was wise! 


best be answered by adding one of two types of steel- 
making equipment, the open hearth or the electric furnace. 

Having been associated with open hearths for a long 
period, we knew from experience primarily what to expect 
from this equipment and also knew its limitations. We 
were not familiar with electric furnace operations at all. 
This subject required very close investigation before a 
decision could be reached. And, only after years of inten- 
sive scrutiny did we decide that the electric furnace best 
suited our needs from both an economical and production 
standpoint. 

In this article, I shall relate some of the reasons why 
we chose the electric furnace . . . our basic thinking and 
predictions prior to installation . . . and finally, the results 
we have realized after a full year of electric furnace 
operations. 


Electric Furnace or Open Hearth Capacity 


We at Lukens spent several years investigating the type 
of ingot-making equipment which we would eventually 
instal] to meet the increasing demands of our expanded 
markets. A committee, comprised of personnel from our 
operating, metallurgical, engineering, and accounting de- 
partments, approached the task of investigating this sub- 
‘ect thoroughly. 

As was mentioned previously, we have had many years 
of experience with the open hearth furnace. We knew that 
added capacity utilizing this equipment would naturally 
involve purchasing additional high-priced iron on the 
open market. With this in mind, we considered the possi- 
bility of installing a cupola in our plant to produce our 
own hot metal. 

At approximately the same time, we started to examine 
the electric furnace closely. Some of our committee visited 
plants utilizing electric furnaces to gain first-hand knowl- 
edge of their operations, practices and experiences. They 
talked with furnace manufacturers, with accessory equip- 
ment manufacturers, with electrode producers, and others, 
in an attempt to collect as much data as possible to help 
make a sound comparison between the electric and the 
open hearth furnace. 


A Survey was Conducted 


An intensive survey was conducted covering the major 
factors that would help guide us in our decision. In all 
cases, actual figures were gathered and plotted covering 
these subjects for the length of time required to establish a 
trend. In some instances this covered a period of fifteen 
years. The data were then projected to apply to the future. 


Some interesting factors were derived from this survey 
material. One is the estimate that in the future there will 
be a favorable spread between the cost of iron and scrap 
in the industry. Also, the electric furnace in relation to 
the open hearth, offers a higher scrap to iron ratio, offers 
higher yields and provides improved costs for metallics. 


Based on our studies and surveys, a report was sub- 
mitted to top management recommending the installation 


of an electric furnace. The recommendation included the 
following predictions based on the installation of a 20’ 
diameter shell, 100 ton top-charge electric. 


@ Investment in an electric furnace and building 
would be considerably less than equivalent open 
hearth capacity. 

© Costs per ingot ton of electric furnace steel should 
be favorable. 

@ Heats could be made faster. 

@ The electric would offer flexibility of product and 
operating schedules. 

@ Maintenance costs would be reduced. 


Results After a Year 


After a little more than a year of operation, we find the 
electric furnace has done all we predicted it would do 
and in some instances it has surpassed our expectations. 
The results show our original decision was wise. The 
major advantages we have realized with the electric are 
numerous. They will be covered not necessarily in order 
of importance, but as they come to mind. 


Costs 


Our entire investment in the electric melt shop was roughly 
40% less than it would have cost to install the equivalent 
open hearth capacity. 

After the break-in period, during which time we had 
very few de-bugging operations, we find we have been 
able to achieve and even better our cost goals compared 
to existing open hearth practices. 


Production 


A most dramatic feature, of course, is the production we 
have realized with the electric furnace. With our 100 
ton unit we are producing the rated 20 tons per hour. This 
has been achieved with only a year’s experience on new 
equipment. Our average output with 135 ton cold charge 
open hearths runs about 914 tons per hour tap to tap. Not 
only is output of our electric running at more than twice 
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that of the open hearth, but in addition, the man hours 
required per ton of steel produced in the electric run 
roughly 60% less than required with the open hearth. 
Over the next few years, as we gain added experience 
with the electric, we naturally expect to raise our tonnages 
per hour output. 


Flexibility 


Another feature of the electric furnace is the flexibility 
and versatility it offers for our operations. We can produce 
electric steel according to demand by running the arc 
furnace any number of shifts and any number of days 
per week. Presently, we are producing approximately 
70% carbon and 30% alloy steels. We have also gained 
flexibility in our choice of charge materials. We average 
3% iron charged in electric melting operations, although 
we are making some heats without any iron at all. Com- 
pare this with our open hearth practices where at least 
30 high-cost iron must be charged in every heat. 

Also, the electric permits us to consume larger quanti- 
ties of home produced alloy scrap. This means we can re- 
cover valuable nickel and molybdenum that would other- 
wise have to be purchased on the open market. 


Fast Heats 


We feel that the melting speed of the electric furnace is 
another dramatic feature. On carbon heats, the average 
heat cycle in our electric is 4 hours and 30 minutes charge 
to tap. It is 5 hours and 20 minutes tap to tap. The latter 
figure allows for any minor maintenance between heats. 
Initially our heat weights in the electric were running 
100 tons per heat. In the short period of one year we have 
raised this figure to 108 tons per heat. 


Maintenance 


We can completely reline our electric in approximately 
16 hours. Naturally, this reduction in down-time for 
maintenance and repairs has reduced overall operating 
costs. In addition, it is our experience that the electric 
maintains a high level of output throughout the life of 
the lining, whereas our open hearths begin to drop off 
in production toward the end of each furnace lining 
campaign. 

Some details of our electric shop experience may be 
of interest. We made the change-over with basically our 
open hearth crews, except for two electric furnace melters 
hired from outside the company. Our open hearth men 
trained for four weeks at a steel plant experienced in elec- 
tric steel operations, and then joined our two electric 
melters to train first and second helpers. Presently, all the 
personnel working in the electric melt shop are from our 
open hearth department. These men became skilled in 
electric melting practices rapidly considering the differ- 
ences encountered in melting practice. 


Looking to the Future 


As I remarked previously, we at Lukens feel we made a 
wise decision when we installed our electric furnace. And, 
the record of this ingot-making tool backs up our decision. 
Considering the scope of the change-over, authorities in 
the industry tell us our transition period was remarkably 
smooth with a minimum of major problems. A share of 
the credit goes to the Lukens’ personnel who worked so 
diligently to achieve this installation and to those who 
contributed to the successful operation of the electric 
furnace. Also, we would like to thank and praise our elec- 
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tric furnace suppliers who started us off in the right direc- 
tion and, therefore, helped us avoid some of the pitfalls 
associated with a transition of this type. 

Based on our experience, we feel that today’s electric 
furnace is a highly efficient and economical production 
tool. We are also watching with interest the many tech- 
nological advances — in a wide range of research, develop- 
ment, and pilot plant stages — that are bound to open 
vast new horizons for electric furnace steel operators. 
Some of these that come to mind are: the interest and 
activity in direct ore reduction processes, the use of oxygen 
in electrics, and today’s practice of utilizing hot metal in 
the electric furnace. 

Certainly, the electric furnace answers our needs of 
today, but it also answers the desire of Lukens’ manage- 
ment to foresee future demands and developments and to 
take steps accordingly. We look forward to the time when 


demand will require the installation of additional electric 
furnace capacity. Our shop is now designed to accommo- 
date two electrics and additional units can be installed 
with minimum alterations. 

Planning such as this is one of the reasons why Lukens 
has maintained a reputation as a leader in the industry 
for a century and a half. From the rolling of boiler plates 
for 19th century river boats and locomotive engines to the 
production of integral parts for such wonders of the 20th 
century atomic age as rockets, missiles and nuclear sub- 
marines and merchant ships, Lukens has truly kept pace 
with the advances of man. 

Our electric furnace will aid us in meeting the chal- 
lenges ahead for continued growth, will help us keep pace 
with the stimulating competition of the industry, and 
will add to our ability to continue to produce * ‘steels in 
step with science.’ 


“National” and “Union Carbide” are 
registered trade-marks for products of 


Litho in U.S.A. 


NATIONAL CARBON COMPANY 


Division of Union Carbide Corporation 
270 Park Avenue, New York 17, N. Y. 
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RESEARCH REPORTS 


New High-Temperature Alloy Improves 
Cost-To-Strength Ratio 


Excellent strength and oxidation 

resistance in the 1200 to 2000 deg. F. 

range are among the features of 

Haynes Alloy No. 56—a new high- 

temperature alloy developed by 
Haynes Stellite Company. 

A sampling of its cost advantages 
at a given tensile load, compared 
with other high-temperature alloys 
in the graph at the right, is well worth 
your study. 

Alloy No. 56 can be readily hot- 
worked and formed. It is easy to 
heat treat. It comes in the form of 
sheet, plate, bar, wire, and coated 
welding electrodes, and can be fur- 
nished as sand-, investment-, and 
resin shell-mold castings. The cou- 
pon below will bring you a wealth 
of technical data. 

The new iron-base alloy contains 
nickel, cobalt, chromium, and molyb- 
denum. It has high strength at tem- 

. peratures up to 1500 deg. F and 
maintains useful strength at tem- 
peratures as high as 2000 deg. F. 


Ni, 19Cr, 11Co. 10Mo, Ti, Al® 


Fill in and mail its coupon today 


Haynes Stellite Company, Dept. 41 —— = | 
270 Park Avenue, New York 17, N.Y. = ae 


HAYNES STELLITE COMPANY 


Division of Union Carbide Corporation 
Kokomo, Indiana 


Please mail me the free, 16-page 
properties-data booklet on the new Haynes Alloy No. 56. 


NAME. 


ADDRESS. 


CITY. ZONE. _STATE. 


Haynes” and “Union Carbide” are registered 
trade marks of Union Carbide Corporation. 
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From ancient days, man has re- 
garded the element of fire with 
great respect. Today, Cincinnati 
Advanced Heat Engineering has 
fashioned the heat of flame and 
electricity into remarkable tools of 
production. 

From the knowledge gained by 
research and experience in heat 
engineering, Cincinnati has devel- 
oped acomplete line of ultra-modern 
heating equipment: Flamatic® 
flame heating and Inductron® radio 
frequency and motor-generator in- 
duction heating machines. Backed 


cessary proce: 


by extensive facilities, Cincinnati 
is recognized as a leading engineer- 
ing source for the application of 
heat as a processing tool. 

Cincinnati is ready to serve you 
with engineering calculations and 
the selection and tooling of heating 
equipment to solve many heat pro- 
cessing problems. As builders of 
both flame and induction heating 
machines, Cincinnati can give you 
truly unbiased recommendations 
for the most efficient and economi- 
cal heat processing method. 
Whether your application is simple 
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or complex, let the benefits of 
Cincinnati Advanced Heat Engi- 
neering work for you. 


inductron 
flamatic 
mer 


META-DYNAMICS DIVISION 


Metal Forming and Heating Machines 


THE CINCINNATI MILLING MACHIN 


Cincinnati 9 
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Ferrous Metals 


581. Leaded Steel 

Hob speed increased 50% and tool life 
prolonged 50% since switching to “Aris- 
toloy” leaded steel. Strength and hardness 
are not decreased. Copperweld Steel Co. 


582. Specialty Steel Products 
lliustrated booklet “Quality Control at 
Standard” describes plant processes and 
controls at Standard Steel Works Div. 
Products: rings, shafts, car wheels, gear 
blanks, flanges, and special shapes. 


583. Steel Bars 

Booklet from Republic Steel Corp. fea- 
tures “Century Series” steels — minimum 
yield strength, 100,000 psi. Five grades 
offer a wide range of machinability rat- 
ings and price levels for your individual 
requirements. 


584. Alloy Steels 

Bethlehem Steel Co. has published a 
series of articles “Quick Facts About 
Alloy Steels” which covers the elemen- 
tary metallurgy involved in heat treating 
and other operations. 


585. Stainless Steel 


Catalog “Armco Stainless Steels” dis- 
cusses applications for stainless sheet, 
strip, bar, and wire in 60 analyses and a 
broad range of sizes and finishes. 


586. Steel Catalog 

From Fisher Bros. Steel Corp., includes 
complete listing of carbon and stainless 
steel forms, weights, sizes, shapes, and 
finishes. 


587. Austenitic Stainless 

8-p. booklet explains nature and occur- 
rence of sigma phase, as well as its chemi- 
cal composition, identification, and effect 
on mechanical properties and corrosion 
resistance. Electric Steel Foundry Co. 


588. Steel Bars 

Bulletin No. 15 from LaSalle Steel Co. 
on lower cost “stressproof” steel bars — 
100,000 psi yield strength without heat 
treating. Faster machining — 83% of rat- 
ing for B1112 steel. 


Nonferrous Metals 


590. Powder Metallurgy 

Booklet “Designing for Pressed Brass 
and Nickel Silver Metal Powder Parts” 
contains information on compositions, 
properties, tolerances, and applications. 
New Jersey Zinc Co. 


591. Beryllium Copper 

Cast Beryllium copper molds allow 
shorter molding cycles and give longer, 
more economical production runs. is 
alloy is easy to cast and simple to heat 
treat to a hardness of Rockwell C-44 and 
a tensile strength of 175,000 psi. Brush 
Beryllium Co. 


592. “Handbook of the Alloyist” 


Discusses advantages of several groups 


580. Vacuum-Melted Superalloys 


The Metals Div., Kelsey-Hayes 
Co., is offering a well-illustrated 
32-p. booklet on superalloys pro- 
duced by vacuum induction melt- 
ing. Contents include a discus- 


BY VACUUM INOUCTION MELTING 


sion of the present and prospec- 


tive uses of high-temperature 
alloys, how they are made, how 
quality is controlled, and a com- 
parison of vacuum-melted prop- 
erties versus conventional air- 
melted properties of superalloys. 


of alloys used in the electrical and elec- 
tronics industries. Properties and typical 
applications are given. H. K. Porter Co. 


593. Extruded Aluminum 

Bulletin 16 describes anodized aluminum 
fittings and other hardware for marine 
applications. Cleaning and polishing is 
eliminated. Available in gold or simulated 
chromium plate. Precision Extrusions. 


594. Nickel Briquets 


Illustrated brochure from Foote Mineral 
Co. on high-purity nickel briquets. Low 
hydrogen content is obtained by heating 
at 1650° F after pressing nickel powder. 


595. Cast Bronzes 

Data on “Engineered” silicon, alumi- 
num and manganese bronze from Fed- 
erated Metals Div. As-cast tensile 
strength of manganese bronze up to 
125, psi 


596. Rare-Earth Metals 


Vitro Chemical Co. offers brochure on 
rare earth metals, chemicals, and alloys— 
thoria, gadolinium oxide, cerium and 
scandium chemicals, and rare earth- 
magnesium alloys. 


597. Aluminum Sheet 

Information from Ryerson Steel Co. on 
lower cost aluminum sheet for product 
improvement. There are no painting and 
maintenance problems when your product 
is made of aluminum. 


598. Alloys 

Mueller Brass Co. offers information on 
a series of special alloys for use in to 
or unusual applications. Forgeable bear- 
ing alloys; tellurium copper for electrical 
components; aluminum bronzes for good 
corrosion resistance. 


599. Rare Earths 

Brochure from Lunex Co. presents 
physical and mechanical properties of 
yttrium, neodymium, gadolinium, lantha- 
num, praesodymium, dysprosium and 
chromium. 


Heat and Corrosion 
Resistant Materials 


601. Alumina Products 

Data and applications for high-alumina 
technical ceramics used by the electronics 
industry covered in 6-p. brochure. “Dia- 
monite” has high strength at elevated 
temperatures and withstands repeated 
heatings to 1000°C. with air quenching. 
Diamonite Products Mfg. Co. 


602. Graphite Products 

Graphite is easily machined, resists 
thermal shock, has high electrical and 
thermal conductivity, and is chemically 
inert. Brochure from Great Lakes Carbon 
Corp. also presents important industrial 
applications. 


603. Heat Resistant Alloy 

Technical information on “Supertherm” 
alloy available from Electro-Alloys Div. 
This alloy was designed for static, cen- 
trifugal, and shell-molded castings oper- 
ating in the range 1800-2300° F. 


604. High Alloy Castings 

General catalog gives information on 
“Duraloy” castings (35% Ni, 15% Cr) 
for application in heat treating and car- 
burizing furnaces. Duraloy Co. 


605. Protection Tubes 

Impervious recrystallized alumina 
(99.7% pure) tubes for protection to 
3540° F. Size range: 3/16 in. to 4% in. LD. 
Insulators and crucibles also available 
from Morganite Inc. 


606. Corrosion Resistant Alloys 

Bulletin No. 571 from General Alloys 
Co. presents their line of corrosion re- 
sistant alloys. Chemical analysis, mechan- 
ical properties, and AS.T.M., A.C1., 
ALSI. and S.AE. specifications are 
compared. 
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Louisville Metal Treating Service reports: 


“Only one oil needed for both fast and slow 


Use of Gulf Super-Quench enabied Louisville 
Metal Treating Service to overcome difficulties 
which originally fined tusi fac 
ture of these intricate rasp blades to Europe. 
A. V. Mudd, Superintendent, right, shows Eari 
Straub, Gulf Sales Engineer, clean surfaces 
achieved with Gulf Super-Quench. 


Tough jobs seem to have a way of 
becoming routine to Louisville Metal 
Treating Service, Louisville, Ken- 
tucky. Says A. V. Mudd, Superin- 
tendent, “One of the big things we 
have going for us on all jobs is a 
good, reliable quenching medium. 
We used to have two quenching oils 
—a fast quench for the Ipsen furnace 
and a slower quench for the open 
tank. Now, we quench everything in 
Gulf Super-Quench.” 

For example, a recent tough as- 
signment was carbonitriding an in- 
tricate rasp blade which had to be 


GULF OIL CORPORATION 


Dept. DM, Gulf Building, Pittsburgh 30, Pa. 
GULF MAKES THINGS RUN BETTER! 
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quenching when it’s Gulf Super-Quench” 


case hardened uniformly without 
distortion of either the body of the 
file or minute cutting edges. Because 
of superior initial quenching power 
through the hardening range and 
slow cooling in the final or distor- 
tion ranges, Gulf Super-Quench was 
considered to be a major factor in 
making this another routine job. 

Why not put Gulf Super-Quench 
to the test in your own heat treating 
operations? Just write us today for 
comprehensive literature, or call a 
Gulf Sales Engineer at your nearest 
Gulf office. 
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Nuclear Materials 


608. Tritium Foils 

Data Sheet 20.70 describes titanium 
tritide foil for beam targets in nuclear 
—— studies and as ionization sources 
or atomic batteries. U. S. Radium Corp. 


Tool Materials 


609. Dry Lubricant 

Graphite lubricant disperses evenly via 
aerosol application and is ideal for bear- 
ings, locks, conveyer parts, flat springs, 
oven parts, and for pre-assembly of mov- 
ing parts. Sprayon Products, Inc. 


610. Air Chucks 
Data available from Whiton Machine 
Co. on air chucks and cylinders. Air 
cylinders feature a special stroke ad- 
justment which adapts them to different 
stroke lengths of a variety of 
ucks. 


611. Metallic-Base Lubricant 

“Fleximet-S” provides a dry film coat- 
ing for deep drawing ferrous and non- 
ferrous metals. A bright finish is obtained 
after deep drawing, sizing, extruding, 
and shape and tube drawing. Bulletin 26, 
Swift & Co. 


612. Toolsteel Guide 

Peninsular Steel Co. has released a 28-p. 
toolsteel comparison guide which includes 
a complete index reference listing steels 
by trade names, A.I.S.1.-S.A.E. classifica- 
tion, and number. 


613. Saw Blades 

Chromiurn-plated saw blades resist rust, 
stay clean, cut fast and smooth, and last 
longer than ordinary blades. Flyer from 
Cocker Saw Co., Inc. 


614. Grinding Wheels 

Catalog features “SA Borolon’—single 
crystal-t , friable aluminum_ oxide 
aeosus tee tool and cutter grinding and 
for horizontal surface grinding. Simonds 
Abrasive Co. 


615. Air-Hardening Steel 

It is easier to produce intricate shapes 
with “Graph-air” toolsteel because it can 
be hardened from as low as 1450°F. 
Distortion, scaling, and decarburization 
are minimized. Timken Roller Bearing Co. 


616. Deburring Tool 

“Roto-Burr” grind assures chatter-free 
finish in deburring, chamfering, or coun- 
tersinkin, operations. Sharpening is 
simplified and the cutting angle is easily 
changed. Jancy Engineering Co. 


617. “Moly” Lubricant 

“Molycote G” protects against galling 
and seizing with all bearing metal com- 
binations. Free sample available from 
Alpha-Molykote Corp. 


618. Toolsteel 
Water hardening, vanadium toolsteel, 
“UHB 19 VA”, for cold-heading applica- 
tions. 8-p. pamphlet 
in, temperi annealing, an 
Uddeholm Co. 
of America. 


619. Grinding Titanium 

Details on aluminum/silicon oxide 
grinding wheels for finishing titanium 
available from Bay State Abrasive Prod- 
ucts Co. Removal rates of 1834 lb. per hr. 
attained. 


620. Solid-Film Lubricant 


Is unaffected by exposure to nuclear 
radiation up to 1» 10’ roentgens and 
temperatures to 550° F. These lubricants 
are corrosion resistant and can 
from —65 to +1800° F. Electrofilm, Inc. 


621. Carbide Tools 
Brochure on complete line of solid- 
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head, high-speed and carbide-tip 
boring tools features ground parallel 
flats on the round shanks which provide 
3-point clampi for maximum rigidity 
and strength. Lido Mfg. Co. 


622. Abrasive Wheels 

Application manual for rubber-bonded 
abrasive wheels includes case histories 
and data on mounting, dressing, and true- 
ing, as well as recommend operating 
speeds. Cratex Mfg. Co. 
623. Colloidal Dispersions 

Booklet “The Biggest Ounce of Protec- 
tion” discusses advantages of dispersion 


lubrication for improving production. 
Grafo Colloids Corp. 


Industrial Heating 


625. Muffles and Hearths 

Catalog 10 details muffle and hearth de- 
sign for horizontal furnaces and lists im- 
portant factors which contribute to profit- 
able operation by extending furnace life. 
Rolock, Inc. 


626. Thermocouples 

Flyer from Bailey Meter Co. discusses 
“Pyrotron” integrated swaged thermo- 
couple assemblies for applications primar- 
ily above 950°F. Rapid response is 
obtained, since MgO insulation has good 
heat transfer characteristics. 


627. Recirculating Furnace 

Advantages and design features of gas- 
fired or electric box-ty recirculating 
furnaces presented in Dulletin SEC-8. 
Range, 300 to 1400°F. Can be used for 
annealing, tempering, and stress-relieving 
ferrous and nonferrous alloys. Sunbeam 
Equipment Corp. 


628. Information Letters 
From American Gas Association on (1) 


“Brass Melting Practices,” (2) “Alumi- 
num Melting Furnaces and Practices,” 
and (3) “Prepared Atmospheres.” 


629. Infrared Sections 

Catalog 103 gives information on low- 
cost oven components incorporating 
“G-30” infrared lamps. Sections are pre- 
drilled and prewired for easy assembly in 
your shop to fit your individual re- 
quirements. Fostoria Corp. 


630. Heat Treating Furnaces 
Bulletin SC-182 escribes “Surface 
Power Connection” equipment, which in- 
creases the speed and uniformity of heat 
treatment, compared to heat transfer by 
radiation only. Surface Combustion Corp. 


631. Quench Oil Coolers 

Catalog and selection manual covers 
Bell & Gossett “Hydro-Flo” self-contained 
oil-quenching systems, and units which 
both heat and cool oil and also maintain 
definite temperature levels. 


632. Atmosphere Furnace 

Electric atmosphere furnace, with non- 
metallic resistor elements, is designed 
for precision testing and small rts 
production. “Model NMR-12E” eats 
rapidly to 2000 to 2700°F. and controls 
within 2° F. Harrop Precision Furnace Co. 


633. Gas Analyzer 

Accurate, reliable, mobile furnace at- 
mosphere analyzer provides completely 
automatic analysis of O,,CO,CO., meth- 
ane, nitrogen, and HLS every 10 minutes. 
Recorder indicates volume % of each gas 
component of the furnace or flue gas 
atmosphere. Perkin-Elmer Corp. 


634. Box Kilns 

For the firing of abrasives and ceramics. 
Operating temperatures to 2750°F. Ca- 
pacities: 0.75 to 16.7 cu.ft. Bulletins LB-160 
and SB-160 give complete specifications. 
Harper Electric Furnace Co. 
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BENCH TYPE OVEN FURNACES 
For heat treating and pre-heating. 
fe Temperatures to 2000° F. 


heats like... 
is more modern than... 
more economical than... 


INDUSTRIAL GAS 
BURNERS & FURNACES 


Using Only Low Pressure Gas_ 
for Clean, Fast, Quiet Heat-Up at Lowest Cost! ie 


ATMOSPHERIC POT FURNACES 2\ 
For cyanide, salt bath and lead 
hardening. Temperatures to 1650° F. 


We 


bar, 


Write today 
for complete 
“BUZZER” 


Est. 1991 


CHARLES A. HONES, INC. ~~ 
J 123 So. Grand Avenue, Baldwin, L.I., New York * BAldwin 3-1110 
“BUZZER” Burners & Furnaces for Heat Treating, Melting, Soldering 
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FIRST in strain measurement 


HOW TO MATCH THE STRAIN 
GAGE TO THE JOB 


If your business is mechanical design, 
development or testing, chances are 
good that you have used, or will some 
day use, SR-4® Bonded-Filament Strain 
Gages. Unique in their simplicity, versa- 
tility and accuracy, they are the natural 
answer to a great many problems involv- 
ing the behavior of materials, compo- 
nents and structures under load. 


When the need arises, however, many 
engineers without specific background 
in strain-gage techniques find themselves 
on unfamiliar ground in attempting to 
select the best gage for the job from over 
250 available types. Although it is im- 
portant to the validity of the results that 
the gage used be properly suited to the 
application, selection is normally not a 
difficult matter and depends principally 
on known test conditions and on the 
nature of the data required. When the 
following criteria have been established, 
a suitable gage type for a specific appli- 
cation may be readily selected from the 
SR-4® Catalog. 


Bonded foil gage 


1. Temperature—The tempera- 
ture at which the test is to be conducted 
is an important (frequently limiting) 
factor in determining suitable grid and 
base materials. At room and moderately 
high temperatures, both wire and foil 
gages are used. At temperatures above 
350°F (and at very low temperatures), 
foil gages must be used. Some types are 
available with a backing material which 
may be stripped off during application, 
the grid alone being bonded to the test 
area. Such gages may be used up to 
1400°F (for dynamic-type tests). 
SELECTION OF GAGE MATERIALS 
BASED ON TEMPERATURE 


Maximum 
Temperature Base Material — 
180 Paper, Bakelite, | Any 

Epoxy 
250 Bakelite, Epoxy | Any 
350 Bakelite Any 
None Constantan 
or 
Nichrome 
| Strippable foil 
1000* None backing 
oi 
1400* (dynamic | None Nichrome 
only) foil 


*Limit imposed by available bondi dhesin 
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2. Test duration—For short-term 
tests (a few days) at temperatures below 
150°F, paper-base gages are satisfactory 
and are usually more economical than 
other types. Extra-thin paper gages speed 
the curing of the bonding cement for 
fast application. For longer test periods 
(months or years), phenolic (Bakelite) or 
epoxy-base gages are usually used. 


Dual-lead-type gages, with intermediate 
lead joints, provide good fatigue life. 
For better fatigue resistance and mini- 
mum hysteresis foil gages are advisable. 
They exhibit combined hysteresis and 
zero shift of less than 0.10% in strain 
reversals of up to + 1.5%, have generally 
higher fatigue resistance than equiva- 
lent wire gages. 


3. Strain type and magnitude 
—For static strains, gages having grids 
of Constantan are usually used up to 
600°F. For dynamic strains—particu- 
larly those of small magnitude—isoelastic 
gages are often recommended because of 
their relatively high strain sensitivity and 
improved fatigue resistance. Their high 
sensitivity to temperature change, how- 
ever, limits usage to the measurement of 
vibratory strains unless appropriate pre- 
cautions can be taken to cancel out or 
allow for this effect. When static strains 
of high magnitude (+2% to +10%) are 
involved, a “post yield” gage is used. 


4. Test-area geometry—Gaze 
size depends primarily on the test space 
available. In general, the largest gage 
possible should be used. The probable 
strain gradient of the test area should 
also be considered, since the strain gage 
essentially averages the surface strain 
beneath its grid. When the test space is 
curved, foil gages are recommended, 
since they are flexible and will readily 
assume almost any continuous contour. 
When small wire gages are used, the 
new fine-pitch, flat-grid types are gen- 
erally superior to ““wrap-arounds’”’. 


5. Strain direction—Single-grid 
gages are used when the direction of the 
principal strain to be measured is known. 
If the strain field is biaxial and the direc- 
tions are known, a 90°, 2-element rosette 
gage may be employed. When the strain 
field is unknown, a 3- or 4-element rosette 
may be used to determine the direction 
and magnitude of principal strains. 


6. Output requirements —tThe 
required gage resistance and sensitivity 
are frequently dictated to some extent 


Rosette-type gage 


by the sensitivity of the measuring sys- 
tem to be used. Maximum gage output 
can be achieved by using a high-resistance 
gage with maximum bridge voltage. 


7. Temperature compensa- 


tion requirements—Strain gages 
are sensitive to changes in temperature 
as well as strain. This temperature effect 
on the measuring gage can often be can- 
celed out by use of an unstressed 
“dummy” gage sensing identical tem- 
peratures and connected in the strain- 
gage circuit. In cases where a dummy 
gage cannot be used, some form of sel/f- 
temperature-compensation is required. 
There are three general types of tempera- 
ture-compensating strain gages available. 
a. Self-temperature-compensating wire 
gages—individually compensated for 
specific materials and specific tempera- 
ture ranges. 

b. “Selected-melt” foil gages—with grids 
produced from a “melt” of strain-sensing 
material specifically selected for mini- 
mum temperature response over a spe- 
cific temperature range. 

c. Self-temperature-compensating foil 
gage—a recently developed grid design 
with an appropriate external circuit, 
which may be adjusted to provide mini- 
mum temperature response on any desired 
material over any temperature range. 


For Engineering Assistance 


When tests involve unusual conditions 
(e.g., high frequencies, strong magnetic 
or radiation fields, etc.) or necessitate 
special gage configurations, unusually 
accurate data, etc., it is advisable to 
consult your local SR-4® Strain Gage 
Sales Engineering Representative. He 
can also supply you with information 
and specific recommendations on strain- 
gage instrumentation (static and dy- 
namic), cements, waterproofing com- 
pounds, and other accessories. 


To obtain a free copy of the latest B-L-H Strain Gage Catalog, write Dept. 2-H 


See us at the Wescon Show, Booth 659 


Blectroniecs & Instrumentation Division 


BALDWIN - LIMA: HAMILTON BLE 


Waltham, Mass. 
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635. Temperature Controls 

12-p. Bulletin 108 explains operation, 
circuitry, and safety features of three 
basic types of thermocouple-actuated 
“Simplytrols,” including a proportioning 
model capable of holding temperatures 
within 1°F. Assembly Products, Inc. 


636. Production Chilling 

Low temperature chambers for stabili- 
zation of metals, stress relief, dehydration 
of gases, and expansion assembly are 
available from Cincinnati Sub-Zero Prod- 
ucts. Temperature ranges to —150°F. and 
capacities from 500 to 10,000 Btu/hr. 


637. “Temperature” Paints 
Pamphlet explains characteristics of 
“Detectotemp” paints, which undergo 2, 
3, or even 4 color changes at different 
temperature levels. “‘Thermochrom” cray- 
ons provide temperature measurement 
from 150 to 1240° F. Curtis-Wright Corp. 


638. Inert Gas Generators 

Details on inert gas generators con- 
tained in Bulletin 114B. Refractory is 
eliminat and maintenance costs re- 
duced through the use of a high heat 
release burner which can be fired with 
ges. distillate oil, or dual fuel. Thermal 

esearch and Engineering Corp. 
639. Induction Heating 

56-p. catalog features complete range of 
“thermonic” induction heating equipment 
for brazing, soldering, forging, annealing, 
hardening, melting, sintering, welding, re- 
fining and shrink fitting. Induction Heat- 
ing Corp. 


640. Portable Indicator 

The null balance, potentiometer-type 
“Minimite” gives laboratory accuracy in 
a rugged, versatile instrument. Different 
scale ranges cover from -—300°F. to 
+3200° F. Bulletin 64-16 from Thermo 
Electric Co. 


641. Refrigeration 

Information from Harris Mfg. Co., Inc. 
on “Model 33L-A2-75” heavy-duty chill- 
ing cabinet which cools 500 Ib. of steel 
from room temperature to —120°F. in 
1% hr. Total range is 0° F. to — 


642. Thermocouple Alloys 

Close tolerance thermocouple wires 
for precision research and laboratory con- 
trol work. Accuracy to % standard tol- 
erance limits (Spec. 3G178); accuracy 
within 5° over 1000 to 2000°F. range 
(Spec. 3G170). Hoskins Mfg. Co. 


643. Conveyer Furnace 

Bulletin HT-53 describes continuous 
furnace installed at Harvey Aluminum. 
It heats 2509 lb. of aluminum billets per 
hr. to 1000° F. and has an automatic, direct 
gas-fired recirculating heating system. 
Carl Mayer Corp. 


644. Coil Annealing 
Details on opening and handling large 
coils of steel for annealing and other 
rocessing. Complete surface exposure 
»sts efficiency and quality of oiling, 
cleaning, coating, and heating operations. 
Lee Wilson Engineering Co., Inc. 


645. Atmosphere Analyzer 

“Model 300” infrared analyzer provides 
simplified, low-cost determinations of CO, 
CO,, methane, and dew point. Rejects are 
minimized due to the effective quality 
control applied to furnace atmospheres. 
Mine Safety Appliances Co. 


646. Induction Hardening 

Bulletin presents results of “Tocco” in- 
duction hardening and heat treating. For 
example, an _ irregularly-shaped rear 
spring hanger casting can be uniformly 
hardened at the rate of one per minute. 
Ohio Crankshaft Co. 


647. Cold Cabinets 

For research, storage, testing, and treat- 
ing, Revco refrigeration cabinets — from 
15 to 6 cu.ft.— provide temperatures to 
—140° F., controllable within 1° F. 
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648. Pusher Furnace 

Bulletin P-59 covers all sizes of pusher 
units manufactured by Ipsen Industries, 
Inc. Continuous operation at 2000° F. with 
forced convection heating in each zone 
and silicon carbide hearths. 


649. Flame Controls 

“Wheelco Flame-otrols” monitor gas, 
oil, or combination flames with automatic 
“flame-out” protection, programed purg- 
ing, pilot proving, and ignition timing. 
Barber-Colman Co. 


650. Gas-Fired Furnaces 

Catalog 106-A contains information on 
gas-fired heat treating and melting fur- 
naces— pot types for use with salt or 
lead, small shop types for general hard- 
ening, full muffle types, oven furnaces, 
and nonferrous melting furnaces. Ajax 
Electric Co. 


651. Quenching Oil 

Comprehensive literature on “Super- 
Quench” from Gulf Oil Corp. In quench- 
ing thin-sectioned parts, costly straight- 
ening is eliminated when dual-action 
quench oil is used. 


652. Heat Treat Furnace 

In hardening Type 410 stainless knife 
blades, a 50% reduction in operating costs 
was obtained after switching to gas-fired 
“Clean-Line” automatic heat treating 
unit. Bulletin D-100 from Hevi-Duty 
Electric Co. 


655. Low-Temperature Chamber 
Literature from Cincinnati Sub-Zero 
Products on low-temperature chambers. 
Featuring custom-engineered design for 
rugged and specialized applications. 


656. Brazing Furnace 
“Type LAC-50M” conveyor furnace for 
brazing work provides 3-zone heat con- 


trol to obtain exact temperature required 
for each operation. Bulletin 5711B from C. 
I. Hayes, Inc. 


657. Industrial Furnaces 

Catalog from American Gas Furnace 
Co. presents complete line, inciuding tube 
furnaces for wire, strip, and powders, as 
well as annealing, — reduction, 
and patenting (steel wire) furnaces. 


658. Temperature Controls 

Bristol controls for aging, heat treating, 
annealing, and soaking operations are 
easy to use and service, are ruggedly con- 
structed, and have a simple, modular de- 
sign for low maintenance and high 
reliability under tough conditions. 


659. Annealing Furnace 

Automatic cycle annealing furnace can 
be operated continuously or as batch- 
type, with conventional firing or con- 
trolled atmospheres. A wide range of 
heating and cooling cycles can be varied 
quickly and easily. Salem-Brosius, Inc. 


660. Control Equipment 

“Protectoglo” self-checking relay pro- 
vides continuous fail-safe flame safeguard 
for “<= losses from explosions. 
Data on “Model R 4075” relay available 
from Minneapolis-Honeywell. 


661. Heating Elements 

A low-voltage “Corrtherm” furnace 
element needs no protection. It does not 
short nor is it affected by carbon deposits. 
The elements act as a baffle to direct cir- 
culation, and they are easily installed, 
durable, and safe. Lindberg Engineering. 


662. Salt Baths 

Technical Data Folder from Heatbath 
Corp. includes information on carburiz- 
ing, neutral hardening, tempering, liquid 
nitriding, annealing, metal cleaning, and 
black finishing of steel and other alloys. 


Circle appropriate number on Reply Card, p. 48-B 


PSC fabricated tubes furnish four subst 


dA, ‘ 


(1) 


Light-wall construction saves furnace time and fuel. (2) Return 


bends are of same wall thickness as tubes, promoting uniform 
flow of gas. (3) Smooth dense walls minimize carbon build-up 
and burn-out. (4) Up to 100% longer life. In any alloy, size 
or type, including parabolics. Also sheet-alloy heat-treating 
retorts and covers, boxes, baskets, fixtures, tubes, etc. 
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High alloy performance 
with Timken® low alloy steel 


F 


‘TIME FOR RUPTURE, HOURS 
Stress-rupture curves show of 
(8) at 1000°F and “17-22-A° at 


You keep maximum strength up to 
1100°F. If you are using expensive, 
high alloy steels for missile engine 
parts, aircraft brakes, gas turbines or 
other high temperature applications, 
try Timken® /ow alloy “17-22-A” steels. 
On less than 3% alloy content, you 


get high alloy performance — with 
maximum strength up to 1100°F. 
Besides cutting your initial costs, 
Timken “‘17-22-A” steels have high re- 
sistance to heat checking and thermal 
cracking. They are readily workable 
up to 2300°F. and are easily machined 
and welded. In fact, maximum high 
temperature properties can be devel- 
oped by normalizing and tempering. 
You practically eliminate the chance 
of distortion and quench cracking. 


Want more details on this money- 
saving steel? Send for Technical 
Bulletin 36B. And let our metallurgists 
help solve your high temperature steel 


problems. They’ve solved thousands 
already. When you buy Timken steel 
you get: 1) Quality that’s uniform 
from heat to heat, bar to bar, order to 
order. 2) Personal attention from the 
experts in specialty steels. 3) Over 40 
years’ experience in solving tough steel 
problems. The Timken Roller Bearing 
Company, Steel and Tube Division, 
Canton 6, Ohio. Cable address: 
“TiMROSCO”. Makers of Tapered 
Roller Bearings, Fine Alloy Steel and 
Removable Rock Bits. 


Timken Alloy Steel and Seamless Stee! 
Tubing are available from Steel Service 
Centers in 44 cities in the United States. 
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Cleaning and Finishing 


675. Aluminum Pickle 

“Kennert 45” is a nonfuming pickle for 
aluminum . which produces a 
much whiter ace. It can treat either 
sand or machine-cast aluminum. The so- 
lution does ast heat up or give off brown 
ey oxide fumes. Conversion 


676. Bright Chromate 
Technical Data Sheet No. 99 describes 
ca powder 
“MACro- Brite ‘L-10” handling 
of liquid acid. MacDermid 


677. Selective Plating 

Production and repair plating without 

i immersion tanks enables you to 
(a) pogeien-gets selected areas eco- 
nomically without disassembling com- 
ponents, and (b) deposit metal rapidly 
where ordinary electroplating is diffcul t. 
Sifco Metachemical, Inc. 


678. Electroplating 

Bulletin AC-112 gives data full 
of anodes and 
Specifications and recommended -- 
tions — included, as well as a List of 
salts and brighteners used in electroplat- 
ing baths. Hanson-Van Winkle-Munning. 


679. Vibratory Finishers 
Air-cushioned, vibratory finishing ma- 
chines for cleaning, descaling, grinding, 
ng, radiusing, coloring, and bur- 
or metal and ceramic 
1701, Pangborn Corp. 


680. Aluminum Cleaner 

Bulletin 460 describes “Even-Etch” 
process for cleaning aluminum. It re- 
moves surface films and imparts a silvery 
appearance. Used before painting, ano- 
dizing, or spot and inert-gas welding. 
Gumm Chemical Co. 


681. Metal Abrasives 
“Malleabrasive” shot or grit is formulat- 
ed to fit the needs of your particular 
roduct, cleaning equipment, and operat- 
ing conditions. is gives you maximum 
cleaning efficiency and lowest blast- 
cleaning costs. Globe Steel Abrasive Co. 


682. Selective Plating 

With the “Dalic” process, one can build 
up worn parts to exact size, plate iso- 
lated sections, fit beatings to very close 
tolerances, selectively ‘_ * -off prior to 
carburizing or nitriding. Brochure from 
Sifco Metachemical, Inc. 


683. Barrel Finishing 

Unit cost of deburring complex air- 
craft was cut from 15¢ to l¢ when 
barre orgy was employed. Booklet 
from Oakite Products, Inc. tells about 
this and other barrel finishing appiica- 
tions. 
684. Solvent Degreasing 

Article by Dr. C. E. Kircher, “How to 

t the Most Out of Solvent 

available from Detrex Chemical Indus- 
tries, Inc.— makers of degreasers, wash- 


ers, ultrasonic equipment, coating com- 
pounds, and rustproofing materials. 


685. Glass Shot 

Small glass beads for use with all types 
of wet or dry blast equipment can pro- 
duce a metallurgically pure surface on 
any metal. Spherical in shape, “Glas- 
Shot” removes no base metal and does 
not imbed in the metal surface. Micro- 
beads, Inc. 


690. Descaling Units 

All grades of stainless, hot or cold 
rolled, can be processed in Kolene’s molt- 
en salt descaling baths. Single or multi- 
ple strands are processed continuously 
at speeds limited only by other factors, 
such as annealing capacity. 
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Welding and Joining 


695. Electron Beam Weldin 

Newer metals and alloys are difficult to 
weld by conventional techniques. 12-p. 
brochure presents advantages, equipment 
and operation of electron beam precision 
welding. Air Reduction Sales Co. 


696. Brazing of Stainless 
Information on brazing all grades of 
stainless steel, superalloys, and alumi- 
— or Compe alloys, from Wall Col- 
~ . Complete facilities avail- 
able or dane custom brazing work. 


697. Metal Preparation 

Booklet “Grinding Wheels for the 
Welding Trade” Py data on use and 
including raised hub, 
and flaring-cup wheels. Norton Co. 
698. Edge Grinding 

Information on an automatic method of 
grinding edges of flat sheets for resist- 
ance seam welding. The method elimi- 
nates wheel dressing and grindi wheel 
adjustments. National Electric elding 
Machines Co. 


699. Brazing Alloys 

Benefits of silver alloy bi re- 
sented in Bulletin 20 from ing 
mon. “Easy-Flo 45” is u bond clad 


metals for cooking Shear 
strengths of 20,000 psi. obtained. 


700. Resistance Welding 

Asea Electric, Inc. offers booklets on 
(1) seam welding, (2) spot welding, (3) 
flash welding, (4) chain welding, (5) 
tube welding, (6) resistance heaters, and 
(7) electrodes for resistance welding. 


701. Arc Welder 


“Model BWC-300MAP” welder pro- 
vides perfect balance throughout entire 


welding range—even during ter elimi- 
nation—and arc stability without 
frequency at as low as 18 iy hy 
sheet BW3 from Miller Electric Mfg. C 


702. Power 
Welding qu uality, ap 
economy all depen 
characteristics to the requirements of the 
rocess and material. ormation from 
lenn Pacific on this and other power 
supply problems. 

703. Filler Wire 

Vacuum-melted filler wire drastically 
reduces weld failures in missile appli- 
cations. Gas content: nitrogen, 25 . 
oxygen, 25 ppm; ppm. Com- 
bined S an are than 0.015%. 
Cannon-Muskegon Corp. 

704. Welding Guide 

ocket Guide to Better 


on ma oo 


“Vest 
Weld” published by Hobart Brothers 
pow gives data on proper weldi - 


of bie veldi sbols, 
we. troubles, welding sym 
electrodes, definitions, joints, wires and 
fluxes, and power sources. 


705. Welding Equipment 

20-p. catalog from Air Reduction Co. 
metal-arc w uipment, in uding a 
manual gun Te with CO, shielding 
and two “Aircomatic” machine heads for 
production line weldi Data on welding 
wire, gases, and gas d ivery systems also 
given. 
706. Arc Torch 

Twin-carbon arc torch creates intense 
heat but does not exert pressure on mol- 
ten metal, as a gas to would. Can be 
used for welding, brazi hard surfacing, 
or general heating. Metal & Thermit Co. 


707. Filler-Metal Chart 
Parent metal combinations for wrought 
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REPAIR DAMAGED 


VACUUM MELTING CRUCIBLES 


Zak offers experienced service in 
the repair of crucibles and ingot 
molds damaged through handling 


Manufacturers and 
Fabricators of: 
© VACUUM FURNACES 
© VACUUM or CONTROLLED 
ATMOSPHERE CHAMBERS 
© SKULL MOLDS 
VACUUM CRUCIBLES 
© HOT TOPPING UNITS 


e INGOT MOLDS 
(STEEL AND COPPER) . 


FOR RESEARCH OR 
PRODUCTION 


mishaps or other causes. 


Typical customer comment has 
been—‘“we saved money—down 
time was cut — our crucible was 
back in production ahead of 
schedule.” 

For service call: 


Troy ARsenal 3-3912 and save! 


Send for descriptive literature: 
BU-58 Button Furnace * Cr-58 Crucible 


FAC-58 Facilities Folder * IM-59 Ingot 
Molds * HT-59 Hot Topping Unit 


“Engineering Manufacturers for Industry” 


macuine works, inc. 


TROY (GREEN ISLAND) NEW YORK 
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Heat treatment of metals 
can fit modern production methods 


Metal products manufacturers needs for modern 
material handling to cut production costs and to 
improve control over heating and cooling cycles in 
metal heat treatment are being met by Despatch 
engineers. Illustrated here are several furnace de- 
signs that mechanize loading and unloading. Modern 
instrumentation provides automatic cycling, even for 
complex program controls. 

Small quantity production and quick change-over 
has been considered in developing some furnace sys- 
tems. These have proved popular in certain produc- 
tion programs. 

Despatch has developed both mechanical and 
hydraulic systems for various furnace functions to 
achieve the lowest cost with maximum efficiency . . . 
also other innovations to improve heat treating pro- 
duction up to maximum temperatures of 1350° F. 
For your modernization program in heat treatment 
of metals—write Despatch. 


Our engineers will provide 
many valuable suggestions. DESPATCH 


WEN 


DESPATCH OVEN COMPANY 
611-8th Street S.E. 
Minneapolis, Minnesota 
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Al alloys are listed. Acceptable filler 
metal alloys are given for each combina- 
tion along with a rating for ease of weld- 
ing, strength of welded joint, corrosion 
resistance, and other properties. Alumi- 
num Co. of America. 


708. Brazing “Preforms” 

20-p. booklet on design considerations 
and examples of metal joints which lend 
themselves to use of brazing alloys in pre- 
formed shapes. Alloy selection and fabri- 
cation techniques are featured. Lucas- 
Milhaupt Engineering Co. 


Inspection and Control 


710. Ultrasonic Tester 

Completely portable “Circosonic Model 
CM100” tester for plant inspection and 
thickness measurements. It is economical 
to operate. Circo Ultrasonic Corp. 


711. Equipment 
Information on Buehler Ltd. line of 
specimen preparation equipment includ- 
ing cut-off machines, mounting presses, 
wer grinders, emery paper grinders, 
It surfacers, mechanical and electro- 
polishers, and polishing abrasives. 


712. Infrared Sensors 

“Ektron” infrared detectors find appli- 
cation in weapons systems and in in- 
strumentation for process control, analy- 
sis, and Specific responsivity and 
detectivity of the sensors are charted. 
Eastman Kodak Co. 


713. Aijr-Pollution Tester 


Portable apparatus will determine 
gaseous and particulate pollutants in the 
atmosphere, including Cl, SO,, NH,, 


H.S as well as iron, nickel, arsenic, lead, 
copper, mercury, and selenium particles. 
Central Scientific Co. 


714. Electric Integrator 

Folio E6 from GPE Controls, Inc., dis- 
cusses “Model R790” for integrating any 
quantity that can be linearly represented 
by a small d-c voltage or current signal. 
This could include positive displacement 
fluid motors driving tachometers. 


715. Leak Detector 

Bulletin 1830 from Consolidated Electro- 
dynamics Corp. describes “Type 24-210B,” 
which operates on the mass spectrometer 
principle. Can detect one part helium in 
10,000,000 parts air. 


716. CO, Analyzer 

Portable, rugged analyzer has an ac- 
curacy of 0.5% and will function between 
—32 and +150° F. Companion O, analyzer 
also available. Rascher and Betzold, Inc. 


717. Micrometers 

Instruction sheet “How To Read a 
Micrometer” gives principle of operation 
of micrometer and illustrated examples 
on reading it correctly are included. The 
“Speedmike” micrometer is also pre- 
sented. J. T. Slocomb Co. 


718. Vernier Calipers 

Micro-positioning feature on linear 
vernier caliper simplifies adjustment of 
the measuring head for faster, more ac- 
curate measurement. Double jaws permit 
both inside and outside measurements. 
Titan Tool Supply Co., Inc. 


719. “Robot Chemist” 

All steps from sample measurement to 
recording final determination are per- 
formed automatically by the variable 
programmed systems from Research 
Specialties Co. Indexing, transfer, storage, 
centrifuging, incubating, and program- 
ming mechanisms are combined with 
standard laboratory equipment. 


720. Hole Location Gage 
“Con-chek” gages with nonrotating 
pilots will check large holes, adjacent 
shoulders, threaded holes, bottom of 
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holes, and splined holes. Mayes Tool Co. 


721. Transducers 

Advantages of “SR-4” transducers, with 
bonded strain gages, are high accuracy 
(0.1%), excellent linearity and repeat- 
ability, infinite resolution, and maximum 
flexibility of application and installation. 
Baldwin-Lima-Hamilton. 


722. Superficial Hardness 

Catalog RT-58 gives complete informa- 
tion on line of Rockwell hardness testers 
as well as superficial tester for makin 
shallow measurements. Penetrations o 
less than 0.005 in. are made rapidly 
accurately and easily. Wilson Mechanical 
Instrument Div. 


723. Ultrasonic Inspection 

Is fast and accurate with the “Sonoray 
5” and plug-in “Sonogate” flaw alarm 
and red signal light. In scanning — 
areas, the inspector looks at screen only 
when signal announces a flaw larger 
than critical size. Branson Instruments. 


724. Ductility Tester 

Steel City Testing Machines, Inc. an- 
nounces two compact floor model ductility 
testers for metal thickness up to % in. 
and % in., and a bench model for 0.001 
to 0.062-in. thick metal. Hydraulic capaci- 
ties to 40,000 Ib. 


725. Carbon Potential 

The “Alnor Dewpointer” checks carbon 
potential in furnace atmosphere almost 
instantly. It is easily disconnected and 
moved to other furnaces. Bulletin 2051, 
Illinois Testing Laboratories, Inc. 


726. Creep Testing 

“Model MCR-20” testing machine in- 
cludes complete high-temperature acces- 
sories and strain measuring instrumenta- 
tion. Vacuum testing at 3000 to 4000° F. 


is possible. Riehle Testing Machines. 


Strain Gages 

ilm 102” strain gages 
They are ultra-thi 
1 leads, for 


727. 
“Tatnall Meta 
rate to 500°F 
(0.0015 in.), with no inte 
high flexibility and conformability. A 
wide range of sizes and con rations is 
available. Budd Instruments Div. 


728. Carbon Determinator 

16-p. catalog from Harry W. Dietert 
Co. discusses both sulphur and carbon 
determinators. Direct-reading burette. No 
involved measuring or computing. Low 
cost, durable, easily maintained. 


729. X-ray Equipment 

General Electric equipment covers 
every need—with units available in all 
power ranges, a choice of wet or dry 
radiographic processing, and remote tele- 
vision X-ray fluoroscopy. Setups for con- 
tinuous inspection of production-line 
output also available. 


730. Metallograph 

Research metallograph from Bausch & 
Lomb provides ready choice of four 
different views of the same sample—by 
bright field, dark field, pelecitod light, 
or phase contrast—insuring complete 
identification. Catalog E240. 


731. Direct-Reading Spectrograph 
By Baird-Atomic, Inc. combines the 
versatility of a spectrograph and the 
s and precision of a direct-reader. 
rate, interchangeable DR heads 
allow a variety of direct-reading setups 
—14 elements per head. 


734. “Xpandable” Tester 


Work platform triples in size for special 
tests on wire, ceramics, adhesives, plas- 
tics, springs. Portable and easy to install, 
Capacity: 0-10,000 lb. W. C. Dillon & Co. 


735. Microscopes 
Catalog 2E from Unitron Instrument 


Circle appropriate number on Reply Card, p. 48-B 


Control Quenching to 
improve Heat Treating 


The NIAGARA Aero 
HEAT EXCHANGER 
transfers the heat from 
the quench bath to at- 
mospheric air. It never 
fails to remove the heat 
at the rate of input, giv- 
ing you real control of 
the quench bath temper- 
ature. You prevent flash- 
ing of oil quenches. You 
improve physical prop- 
erties, save loss of your 
product from rejections, 
get faster production, in- 


crease your heat treating capacity. 

Savings in piping, pumping and power as well 
as great savings in cooling water return the cost 
of the equipment to you in a short time. 


Write for Bulletin 120 and 132 


NIAGARA BLOWER COMPANY 
Dept. MP-8, 405 Lexington Ave., New York 17, N. Y. 
District Engineers in Principal Cities 
Circle 846 on Page 48-B 
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This Vaughn Bench pulls 
60,000 pounds for an Iili- 
nois steel and wire pro- 
ducer. Bench points and 
draws three— 114” bars 
simultaneously. 


Air-operated carriage and skid arm, 
equipped with push-off, on Bench shown 
at left. Carriage has shock absorbers for 
each bar operating independently. + 


‘ o or 
® 
Fl 


Drawbenches 
‘ NEW DESIGNS HIGHER SPEEDS 
Finer Cold Drawn Production! 


Vaughn Machinery Company—builders of 
the world’s most complete line of cold 
drawing equipment—is proud to present ad- 
vanced new Drawbench models for tubes, 
bars, and shapes. 

Available in double and single chain types, 
these latest Vaughn Benches employ totally 
new loading concepts that permit drawing 
five tubes at a time and more. 

Vaughn dual chain benches now in opera- 
tion are drawing tubing up to 550 fpm— 


straighter tubing! In fact, generally higher 
speeds are now feasible with a new chain 
design which permits high speeds without 
lubrication problems. 

New “floating” foundation design reduces 
installation and foundation maintenance 
costs. Many additional refinements contrib- 
ute to Vaughn leadership in modern draw- 
bench performance. Consult your Vaughn 
engineer on your cold drawing problems. 


The Vaughn Machinery Company, Cuyahoga Falls, Ohio, U.S.A. 


Off tes =) 
tinuous or Single Hole . . . for the Largest Bars 
and Tubes . . . for the Smallest Wire . . . Ferrous, 
Non-Ferrous Materials or their Alloys. 
| 
aa vide bench is equipped for bars, tubes and shapes. 
| it is used primarily for shaving magnesium on 
> installed at a large Canadian tub- 


A tough, protective lubricant 
with high heat stability 


This high titer metallic stearate complex is forti- 
fied with extreme pressure additives to help pro- 
vide optimum lubricity plus a heat resistant 
protective film. 

The resulting surface coating generally pro- 
vides good protection for finished rope or cable 
wire, etc., and is designed to remain stable even 
after stress relief heat treatment or patenting. 

You can use Fleximet PCM as received— 
directly in the die box. 


WRITE FOR BULLETIN 46 


ACTIVITIES 


METALLIC 


BASE 


LUBRICANT 


Fortified with additives including moly- 
disulfide to provide E. P. properties 


TAKE ANTI-FRICTION ACTION with versatile FLEXIMET* products—developed to serve your industry better 


For drawing heavy gauge .. . For dry drawing or hot dip- 


dry film lubrication . . . 
FLEXIMET MCA ry film lubrication 


A high titer calcium stearate complex FLEXIMET S 

for high speed multiple-hole draw Exceptionally rich 80% sodium stear- 

benches. Write for Bulletin 24. ate with rust inhibitor and bonding 
aid added. Outstanding lubrication 
with either phosphate or borax pre- 
coat. Write for Bulletin 26. 


For versatility . . . 
FLEXIMET MCF 


A versatile, fine mesh drawing com- 
pound for high speed drawing. For 
either high or low carbon steel, alu- 
minum, stainless, and titanium alloys. 
Extremely low moisture. Write for 
Bulletin 25. 


SWIFT & COMPANY -SOAP DEPARTMENT 


For cold heading. . . 
FLEXIMET MCL 


A lean lubricant. Especially formu- 
lated to provide protection and quick 
release—without excessive build-up 
on heading dies. Write for Bulletin 44. 


For hard-to-work metals . . . 


FLEXIMET M2DS 


Compounded to help upgrade pro- 
duction rates on “tough jobs" —draw- 
ing mechanically descaled rod, high 
manganese steel, etc. Engineered for 
top lubrication and extended die life. 
Effective for multiple drafting at high 
speeds. Write for Bulletin 45. 


4115 Packers Ave., Chicago Q, Illinois 


105" VEAR 76 Sewwe Sudastay Betts 


*TRADEMARK OF SWIFT & COMPANY 
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SELECTIVE 
PLATING 


for ELECTRONIC 
COMPONENTS 


¥ 


Plating circuit contacts without 
dismantling electronic components. 


Quick Accurate Way to Plate: 


Semi-Conductors, 
© Flexible Circuits. 


© On site field repair of Electronic 
Computer Contacts. 


Speeds Production in: 


Automatic plating of Transistor Tabs, 
Gold-plating on Aluminum. 
No-flux soldering on Aluminum and 
Stainless Steel. 
Plate selected areas rapidly without 
disassembling components. Dalic Pro- 
cess accurately controls thickness of 
deposits. Produces quality plating. 


No Immersion Tanks. 
Mobile Equipment. 
Plating equipment can be moved to 
the job. Quick, easy to use with Dalic 
hand-stylus, power pack, and the Dalic 
plating solutions. Mechanized produc- 

tion can be devised. 


Write for Descriptive Brochure. 


SIFCO metacnemicat, inc. 


935 East 63rd Street © Cleveland 3, Ohio 
A Subsidiary of 
The Steel Improvement & Forge Co. 


AGENTS 


MARLANE DEVELOPMENT CO. OHIO METACHEMICAL, INC. 
153 East 26th Street 2742 Second Street 
Wew York 10, Cuyahoga Falls, Ohie 
D&S AVIATION CO., LTD. 
671 Lourentides Bivd. 
Pont View, Montreal, Quebec 
Circle 849 on Page 48-B 
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Div. contains information on metallurgi- 
cal microscopes and accessories including 
monocular metallographs and vacuum 
heating stages. 


Production and Casting 


737. Transportable Recharger 

“Model 2100L” is a _ truck-mounted 
Dewar tank (2100 gal.) and pumping 
unit for low and medium pressure liqui 
delivery, as well as high pressure liquid 
or gas delivery of oxygen, nitrogen, or 
argon for industrial cryogenic service. 
Standard Steel Corp. 


738. Nitrogen Generators 

Bulletin from Gas Atmospheres, Inc. 
presents applications, installations, and 
features of nitrogen atmosphere gen- 
erators. Table shows optimum gas, power, 
and water requirements. 


739. Steel Rolls 

Product catalog from Badall Co., Inc. 
details manufacturing and heat treating 
operations for carburizing and heat trans- 
fer rolls. Also featured is a line of cast 
iron rolls. 


740. Industrial Gases 

Linde Co. offers 16-p. booklet on prop- 
erties, applications, and storage of ultra- 
high purity gases. These gases — argon, 
neon, helium, krypton, xenon, and 
radioactive gases are used as protective 
atmospheres, refrigerants, insulators, and 
radiaticn sources. 


742. Ferrochromium Additions 
“Simplex” ferrochromium is vacuum 
treated to reduce carbon. This aids in 
meeting low carbon specifications in 
melting stainless steel. These Simplex 
bricks and pellets also penetrate the slag 
and dissolve readily. Union Carbide 
Metals Co. 


747. Chromium Additions 
Available in many forms, including 
“Exlo”, a ferro-alloy with high chromi- 
um-to-carbon ratio. Other high quality 
products of Vanadium Corp. of America 
are exothermic ferrochromium and 
ferrochromium-silicon. 


748. Gas Storage 

6-p. brochure covers bulk liquid oxy- 
gen, nitrogen, and argon storage and con- 
version stations for medium and low pres- 
sure operations. Advantages, equipment, 
and several installations are presented. 
Air Reduction Co. 


Parts, Forms, Shapes 


751. Wire Cloth 

94-p. catalog describes line of wire mesh 
available in almost any alloy, including 
titanium, and nine basic weaves plus a 
wide variety of sizes. Cambridge Wire 
Cloth Co. 


752. Stainless Tubin 

36-p. booklet on stainless steel tubing 
presents data on design, fabrication, ap- 
plications, specifications, corrosion re- 
sistance, and _ product information. 
Allegheny Ludlum Steel Corp. 


753. Graphite Valves 

Impervious graphite diaphragm valves 
are unaffected by almost all corrosives 
and by thermal shock. They can operate 
at pressures to 50 psi. and up to 340° F., 
handling gases, liquids, or slurries. Falls 
Industries, Inc. 


754. Data Chart 


Covers dimensions and weight of steel 
pipe. Fourteen schedules are shown — 
from %-in. to 30-in. P.S. Stainless pipe 
is also included. Peter A. Frasse & Co. 


Circle appropriate number 
on Reply Card, p. 48-B 


-MICROBEADS 


THIS SURFACE , 
SECONDS 


‘MICROBEADS 
INC. 


P.O. BOX 241 
JACKSON, MISSISSIPPI 
[_] Send information and samples 


Have representative call 
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FOR A 


SMOOTH ID 


CYLINDER TUBE 
THATS JOB- MATCHED 


SPECIFY 


B&W Lectrosonic steel cylinder tubing 


With B&W LECTROSONIC you get... 


@ guaranteed maximum micro-inch finish on the ID to 
meet cylinder tubing requirements 


@ uniformity of wall thicknesses and close ID tolerances 


@ guaranteed physical properties to insure adequate 
strength 


@ tough, lightweight electric-resistance-welded cylinder 


tubing that costs less than seamless in comparable sizes. 
Manufactured under a rigid system of quality control 
B&W LECTROSONIC Cylinder Tubing is a sound, uni- 
form tube which will fabricate easily and give optimum 
service life. For more information, call your local B&W 
District Sales Office, or write for Bulletin T-459. The 
Babcock & Wilcox Company, Tubular Products Division, 
Beaver Falls, Pennsylvania. 


SEE OUR — 


Steel Arena 
1960 METAL SHOW 
PHILADELPHIA 

OCT.17-21 


BUILO GETTER WiTrt AMERICAS STEEL 


THE BABCOCK & WILCOX COMPANY 


TA-9052-WM 


TUBULAR PRODUCTS DIVISION 


Seamless and welded tubular products, solid extrusions, seamless welding fittings and forged steel flanges—in carbon, alloy and stainless steels and special metals 
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American Society for Metals 
and Metal Progress serve 
32,000 member-readers in 11 
major areas of the metals 
industry. 


The ASM is the communications center for technical information 
wherever metals are produced, processed, fabricated, designed, 
tested and applied. Metal Progress, monthly engineering magazine 
of the Society, reports on engineering developments in these 11 
major technological areas: 


FERROUS METALS: Alloy, Carbon, Free Machining, Stainless Steels, Hot 
and Cold Finished Bars. 


NONFERROUS METALS: Aluminum, Beryllium, Brass, Bronze, Columbi- 
um, Copper, Lead, Magnesium, Melybdenum, Monel, Nickel, Rare 
Earths, T lum, Tit , Tungsten, Zinc, Zirconium. 


HEAT- AND CORROSION-RESISTANT AND ELECTRICAL MATERIALS: Spe- 
cial Alloys; Carbon, Graphite; Ceramics, Cermets, Thermal Insulat- 
ing and Special Electrical Materials. 


RADIATION AND NUCLEAR MATERIALS & EQUIPMENT: Metallic and 
Non-Metallic Reactor Materials, Fuel Elements, Pressure Vessels, 
Contre! Elements, Reldted Equipment. 


TOOL MATERIALS, CUTTING AND FORMING EQUIPMENT: Abrasives; 
Carbides; Coolants, Oils and Lubricants; Arc and Gas Cutting 
Equipment, Saws; Ferging, Pressing, Extruding Chemical Milling, 
Slitting, Straightening, Spinning and Explosive Forming Equip- 
ment; Tool and Die Steels, Plastic and Other Short-Run Die 
Materials. 


INDUSTRIAL HEATING EQUIPMENT AND SUPPLIES: Atmosphere Gener- 
ators and Gases; Commercial Services; Furnaces; Controls, Indi- 
cators and Recorders; Induction, Flame and Salt Bath Equipment; 
Ovens; Cryogenic Equipment; Pyrometers; Quenches; Samplers 
and Analyzers; Trays, Refractory Parts. 


CLEANING AND FINISHING EQUIPMENT AND SUPPLIES: Alkaline 
Cleaning, Pickling, Degreasing, Descaling, Buffing, Polishing, 
Blasting, Plating, Porcelain Enameling, Purifying, Painting Equip- 
ment and Supplies; Rust Preventives; Abrasives. 


WELDING AND JOINING EQUIPMENT AND SUPPLIES: Gas, Resistance 
and Are Welding Equipment and Supplies; Electrodes; Adhesives, 
Fasteners; Hard Surfacing, Brazing and Seldering Equipment and 
Supplies. 


INSPECTION AND CONTROL EQUIPMENT AND SUPPLIES: Microscopes 
and Attachments; Analytical and Mechanical Equipment; Gages, 
Comparators, Hardness Testers, Nondestructive, Electronic and 
Other Scientific Inspection Equipment. 


PRODUCTION AND CASTING EQUIPMENT AND SUPPLIES: Electric and 
Vacuum Furnaces and Equipment; Refractories; Ferro Alloys; 
Foundry Irons and Coke; Rare Earths; Alloying and Refining 
Agents; Annealing, Soaking and Sintering Furnaces; Rolling 
Equipment; Industrial Gases; Foundry Equipment and Supplies. 


PARTS, FORMS AND SHAPES FOR DESIGN AND APPLICATIONS: Cast- 
ings (Malieable, Gray Iron, Steel, Nonferrous), Forgings, Extru- 
sions, Powder Metal Parts, Springs, Stampings, Tubing, Weld- 
ments, Wire. 
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Catalogs and Bulletins are avail- 
list of manufacturers’ literature, con- 
More Facts on Advertised Products. 
Because some advertisements cannot 
be numbered, please write the names 
New Products and Services are num- 
bered. Circle the postcard for more 
Reprints of Articles are yours for the 
asking as long as they last. No need 
to clip your Metal Progress issue for 
reference filing; send for reprints. 
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In METALLOGRAPHS... 
the trend is to UNITRON! 


What do you look for when choosing a metallograph? All of the 
popular makes are precision instruments, are reasonably versatile 
and, to a varying degree, are easy to operate. But, except for 
UNITRON, all have the bulk of an office desk or optical bench and 
are tagged with a price that puts a substantial dent in the laboratory 
budget. UNITRON, and only UNITRON, offers a completely equipped 
metallograph in a compact and self-contained unit, taking only 
9” x 12” of table space, which duplicates the performance of large 
cumbersome instruments — and at a price which is hardly more than 
the usual cost of a conventional metallurgical microscope. 


Unlike the case with most metallographs, an adding machine is not 
required to compute its cost. Coated optics supplied as standard 
equipment include 5 objectives, 4 photographic eyepieces and 3 
pairs of visual eyepieces. These give a magnification range of 
25X-2000X. Also included in the purchase price are the built-in 
3%" x4%" camera and viewing screen; high-intensity illuminator 
for vertical, oblique, and transmitted light; variable transformer with 
both voltmeter and ammeter; accessories for transparent specimens; 
polarizing apparatus; filters; film holders; stage clips; cabinets etc. 
Optional extra accessories include Polaroid Land, 35mm. and movie 
camera attachments; low power (5X-40X) objectives for macro work; 
vacuum heating stage for temperatures to 1100°C and long working- 
distance 40X objective; ASTM Austenite grain size viewing screen 
and eyepieces; filar micrometer eyepiece; and additional optics. 


Such a combination of features, versatility, convenience, and value is 
indeed unique with UNITRON. Little wonder then, that more and more 
laboratories are choosing UNITRON .. . from the large organization 
adding another metallograph to its equipment, to the small company 
buying an instrument for the first time. 


UNI RON 
UNITRON’s Metallograph and Universal Camera Microscope a * = 


Model BU-11 with binocular eyepiece; objectives: M5X, M10X, INSTRUMENT DIVISION OF UNITED SCIENTIFIC j 
M40X, 40X for transmitted light, 100X oil immersion; paired 204-206 MILK STREET - BOSTON 9, MASSACHUSETTS 


visual eyepieces: R5X, KelOX Micrometer, Kel5X; photo eye- 


pieces: 10X, 15X, 20X, Micrometer; etc., as described above. Please rush UNITRON’s Microscope Catalog 2-F 


Monocular Model U-11 


THE TREND IS TO UNITRON 
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NSCO SUPERPAK 


Resco 


q “600 


for the first time, a new x-ray film packaging that saves 
time and lowers costs at no sacrifice in quality. 


Interrupting operations to open small quantities of X-ray film? 
Handling many small packages and wrappings? Never again with Ansco 
SUPERPAK. New Ansco SUPERPAK® is the modern way to increase 

your efficiency through 600 non-interleaved sheet or 300 interleaved 
sheet packages of Superay ‘A’ or Superay ‘B’. 


Whenever the storage bins (SUPERPAK fits standard 
film storage bins) need refilling, pause for a 

moment to open SUPERPAK, work on until the job 

is completed without further interruptions. Just 

think of the savings in man-hours and money through 
this new, sensible method of packaging. 


From every point of view; money, time and general efficiency . . . 

it makes sense to use SUPERPAK. Ansco, Binghamton, N. Y., A Division of 
General Aniline and Film Corporation, Manufacturer of World Famous 
Superay X-ray Films. 
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2 Gateway Center CORPORATION OF AMERICA 


Offices: Pittsburgh, Chicago, Los Angeles, New York, Son Francisco 
Soles Representotives: Brumley-Donaldson Co., Los Angeles, Son Francisco 
Subsidiory: Cleveland-Tungsten, Inc., Cleveland 
Plants: Washington, Pa., York, Pa. 
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workhorse of the metals 


industry Molybdenum has found large use as 
an alloy for steel compositions that are employed in 
innumerable applications. Nitriding, stainless steels, 
turbine shafts, gear steels, truck, tractor, automotive 
carburizing and parts—and so the list grows to hun- 
dreds of uses—in there because it is dependable—it 
delivers the physical properties. 

You add molybdenum to some steels because it adds 
anti-corrosion properties. It reduces temper brittle- 
ness, it raises the hardenability, it enhances the shock 
resistance, it increases the tensile properties—in short, 
it does most everything. 

When a tough steel job is considered, the first 
thought is how much molybdenum. It gives the metal- 
lurgist a comfortable feeling to know he has molyb- 
denum in the specification—and that the supply of it 
is here—at home. 

If you have a problem involving the use of moly, we 
invite you to come to headquarters for your solution. 
Expert metallurgists are yours for the asking. 


Pittsburgh 22, Pa. 
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HARSHAW SCIENTIFIC 


H-2424 — Balance, Analytical, Sar- 
torius “Selecta Rapid” model. 
Capacity—200 grams. Sensitivity— 
1/10 mg. Single Pan. No weight 
handling. Weights are an integral 
part of balance and are added by 
flick of external knobs. 


Price $890.00 


H-1823—Bolance, Analytical, Becker 
Model "AB-2.” Two Pan. Dial reading 
chainomatic, with notched beam. Ca- 
pacity— 200 grams. Sensitivity —1/20 


Price. $449.00 


A Balance for every weighing . . . and a 
Balance that will perform the weighing to 
the accuracy required in the shortest possible 
time. Most of our extensive line of domestic 
and imported balances is illustrated and 
described in the 32-page Harshaw Scientific 
Balance Bulletin. Do you have your copy? 
In addition we will gladly furnish detailed 
information on particular balances. 


H-1642 — Balance, Analytical, Ains- 
worth “Right-A-Weigh" Type S,C. 
Capacity—200 grams. Sensitivity — 
1/10 mg. Single Pan. No weight han- 
dling. Features substitution weighing. 


Price $895.00 


H-2400 — Balance, Analytical, Sar- 
torius "Projecta Rapid” Model. 
Capacity—-200 grams. Sensitivity— 
1/20 mg. Two pan. No weight han- 
dling up to 10 grams (weights up to 10 
groms are built-in). 


Price $645.00 


H-1905—Electrobalance. Cahn, 
Range Selector Model. For micro 
weighings quickly and accurately. 
Maximum range—0-100 mg. with 25 
micrograms sensitivity. Four other 
ranges down to 0-1 mg. with increased 

Price $695.00 


H-2440— Balance, Analytical, Voland 
Model 100N. Capacity—200 grams. 
Sensitivity—-1/10 mg. 


Price $125.00 


These balances are just a few of the many 
balances making up our complete line inclu- 
ding Micro, Semi-Micro, Specific Gravity, etc. 
Write us regarding your specific need. 


-HARSHAW SCIENTIFIC 


Division of The Harshaw Chemical Co. * Cleveland 6, Ohio = 


SALES 
AND WAREHOUSES — 
OHIO 
1945 East 97th Street 
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"Are you up in tHe’ air 
over tubing sources? 


If you have ballooning production problems, consider these impor- 
tant facts. OSTUCO Tubing is always the exact tubing you need for 
your product because OSTUCO Tubing is CUSTOM MADE for your 
product. Your order is manufactured to your own specifications to 
produce steel tubing especially for your application — the precise 
grade, analysis, size, shape, special anneal and tolerances best 
suited to your needs. 

Ohio Seamless Tube produces both seamless and electric welded 
steel tubing — is prepared to form many finished or semi-finished 
tubular parts to your designs. 

To get the most from your next steel tubing order, use Custom 
Made OSTUCO Tubing. Contact your nearest Ohio Seamless repre- 
sentative, or send part drawings to the plant at Shelby, Ohio — Birth- 
place of the Seamless Steel Tube Industry in America. 


Model illustrated built to 3.5 mm scale. 


dy OHIO SEAMLESS TUBE 
¥: 
Oa Division of Copperweld Steel Company * SHELBY, OHIO 


Seamless and Electric Resistance Welded Stee/ Tubing ° Fabricating and Forging 


ansas City, Moline, York: New Orleans (Chalmette), Philadelphia (Wynnewood), Pittsburgh, 
tichmond, Rochester, St. Louis, St. Paul, Salt: Lake City, Seattle, Tulsa, Withita 
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A Model 1061 Multitron radiographing a large steel valve casting at Pacific Southern Foundries, Inc., Bakersfield, 
California, a subsidiary of Pacific Vaives, Inc., Long Beach, California. Model 1061, a 1000 curie-cobalt 60 
source, features fully automatic fail-safe protection and remote operation from a console control center. The 
special mounting stand was designed and fabricated by Pacific Southern Foundries, Inc. and Pacific Valves, Inc. 


SAFE !... Multitron® and tIriditron® 


Units for Gamma Radiography 


e Hermetically sealed sources are under positive con- 
trol at all times 


@ Shielding for sources is latest design 


@ Source position indicator shows exact location of 
source 


e@ Fail-safe mechanism returns source to shielded head 
if power fails—on all units having electric drive 


Maximum safety with minimum weight: 
wa that’s the story of Budd radiography 
. equipment. You can select the equip- 
ment that best fits your requirements 

from the 21 standard Multitron and 


Iriditron models now available. One of the Budd 
models will give you the method or methods of 
exposure, number of sources, source materials, 
strength and types of mountings you need... all 
with maximum safety. 


Budd offers complete service—radioactive source 
supply and encapsulation, source replacement and 
disposal, training for your personnel (at no charge) 
and assistance in setting up complete radiographic 
facilities. 

Contact Budd Instruments Division for new Gamma 
Radiography bulletin ...or for a consultation on 
your requirements. 


vision 


THE BUDD COMPANY - P.O. Box 245 + Phoenixville, Pa. 


Consult your phone book for sales offices in: Atlanta, Ga., Oak Park, IIl., Dallas, Tex., 
Los Angeles, Calif., San Francisco, Calif. 


In Canada 


Tatnall Measuring and Nuclear Systems, Ltd., 46 Hollinger Rd., Toronto 16, Ont. 
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PRECISE TUBING HELPS HANDLE HOT STUFF 


Juggling radioactive materials takes a pair of sure hands—sure mechanical hands. Mal- 
functions cannot be tolerated. All components must adhere to rigid specifications and 
operate together perfectly. A good application for precise tubing. 

We make stainless steel and nickel tubing in mechanical, aircraft, capillary and hypo- 
dermic grades in sizes up to 1 inch OD—plus an amazing variety of “specialties’’ such 
as super and “exotic” alloys, glass-to-metal sealing alloys and clad metals. 

In addition, we produce a vast line of platinum products and chemicals that have been 
used by industry for over a century. 

We are unique because of our ability to work these metals to such tiny, precise forms. 
Bulletin No. 12 describes our tubular products—Catalog No. 5 describes our platinum 
products. Write for them. 


Tubular Products Division J.BIsHOP se CO. platinum works S? KING STREET, MALVERN, PENNA. 


A JOHNSON MATTHEY ASSOCIATE “METALS FOR PRECISION AND PERFORMANCE” 
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WHO FORGES THE TOUGH ONES?...- 
and nitride-hardens them, too? 


National Forge does it—with a nitriding installation that is 
one of the largest and most modern in existence. Now diesel 
crankshafts, pump eccentrics, compressor pistons and rods, 
_ gears, marine couplings, and many other machinery parts are 
not only forged at National, but mitride-hardened to add 
strength and reduce wear. Vertical nitriding furnaces like the 


one illustrated will accommodate forgings up to 16 feet in 
length. 

National Forge also has its own basic electric melting facili- 
ties and produces all the usual types of nitriding steels, in- 
cluding the recently developed 5% nickel, 2% aluminum 
grade. For further information, write for bulletin NH-1058. 


NATIONAL FORGE COMPANY 


IRVINE, WARREN COUNTY, PENNSYLVANIA 


NF 60-01 


For more information on “the tough ones,”’ and the machinery that makes them “‘best’’—write for bulletin NFO 
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How a super alloy will hit Mach 3 from a vacuum start 


Metallurgical Products Department reports on 
René 41*—and on how its unique properties make it ideal 
for use in everything from jets to machine components 


When machine-component specifications call for the 
“impossible” —top strength combined with high 
temperature resistance and minimum weight —a 
vacuum-induction-melted alloy may be the answer. 


René 41—General Electric’s super alloy—finds wide 
application in machine design as well as in jet engine 
components. Virtually free from impurities, René 41 
can be successfully forged, welded, or formed; offers 
top tensile and stress rupture strengths, increased 


ductility. All this with minimum weight —a com- 
bination found in no other alloy! 

Got a design problem? Choose from General 
Electric’s variety of high-purity, vacuum-induction- 
melted alloys in sheets, bars, billets, wire, or cast- 
ings. For detailed information — or the assistance of 
one of our engineers — write today to: Metallurgical 
Products Department of General Electric Company, 
11113 E. 8 Mile Street, Detroit 32, Michigan. 


*René 41 is a trademark of the General Electric Company 


METALLURGICAL PRODUCTS DEPARTMENT 


GENERAL @ ELECTRIC 


CARBOLOY® CEMENTED CARBIDES * MAN-MADE DIAMONDS * MAGNETIC MATERIALS * THERMISTORS * THYRITE® * VACUUM-MELTED ALLOYS 
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Grumman Aircraft Engineering... 
SAVES TAXPAYER DOLLARS WITH 
REPUBLIC ELECTRUNITE STAINLESS STEEL TUBING 


Grumman Aircraft Engineering Corporation has substantially reduced production costs of the exhaust system 
used in the Grumman S2F Tracker, through the use of Republic ELECTRUNITE Stainless Steel Tubing. 


. Since using ELECTRUNITE, Grumman has reduced scrap loss by 50%. Fabrication time is 30% less, - 
with further savings through longer tool wear. 
ELECTRUNITE® Stainless Steel and Carbon Steel Tubing is available in a wide range of sizes, gages, wall . 


thicknesses, to meet practically any national security, manufacturing, fabricating, and pressure tubing application. 
Call your Republic representative for complete information and specifications. Or, write direct. 


Further savings are realized through Republic's Steel and Tubes 
Division manufacturing facilities of bending, forming, welding 
operations. Write for information. 


Republic ELECTRUNITE Stainless Stee! Tubing, Type 321, is used in the 
exhaust system of the Grumman S2F Tracker, saving taxpayer 
dollars. ELECTRUNITE can save money for you, too. 


REPUBLIC @ ELECTRUNITE WELDED STAINLESS TYPE 321 HEA 


REPUBLIC HS6460 HIGH STRENGTH POWDER con be used to produce 
comparable strength structural parts at lower manufacturing costs 
than obtainable with copper infiltration. Additional production 
economies can be achieved because fewer operations will be re- 
quired to obtain high density, higher strength parts. HS6460 is 
capable of a minimum tensile strength of 60,000 psi at 6.4 density 
—100,000 psi after heat treatment. Write today. 


REPUBLIC NYLOK” SELF-LOCKING FASTENERS provide oa single-unit answer to 
vibration, shock, and tension. A per t nylon insert forces mating threads 
together for maximum holding power in any postion. The relatively inert nylon 
resists age and moisture; its natural resiliency permits easy adjustment and 
repeated use. Republic NYLOK Fasteners are non-galling and require no 
lubricants. Send coupon for descriptive literature; specify bolts or nuts, or 
both. Use the convenient coupon, below. 


it 
is: 
; 


GRUMMAN $2F TRACKER—first airplane specifically designed to detect, identify, 
track, and destroy enemy submarines. The Tracker utilizes radar, sonobouys, 
and Magnetic Airborne Detector gear to pinpoint the enemy, then chooses either 
torpedo, depth charges, or rockets to effect the kill. 


REPUBLIC CAN DO IT FOR YOU with complete sheet steel fabrication facilities. 


Contract manufacturing is a full-time operation at Republic's Berger Division. 
Engineers work with you in developing your product and in solving manufacturing, hee ra Me U Bh L | C 4 T b a L 


assembly, and delivery probl Well + ded stock of tools, dies, and a 
complete machine shop. Modern production lines for shearing, punching, form- ° ’ 

ing, painting and assembly. To learn more about Republic-Berger contract Wolltia Widest Rene 
facilities, call your Republic representative, or write today. 


REPUBLIC STEEL CORPORATION 

DEPT. MP -9644 

1441 REPUBLIC BUILDING - CLEVELAND 1, OHIO 

Please send more information on the following products: 


O Republic ELECTRUNITE® Stainless Steel Tubing 0 Carbon 
O Republic Steel and Tubes Division Manufacturing Facilities 
O Republic HS6460 High Strength Powder 

O NYLOK Fasteners O Bolts O Nuts O Both 

O Republic Berger Division Contract Facilities 


Name Title 


City. Zone. State. 
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Hot 
tip for 
rockets 


This is a throat insert for the nozzle of a 
solid fuel rocket engine—and it is made possi- 

ble by a dramatic new isostatic pressing and 
sintering operation at Sylvania. This opera- 

tion enables Sylvania to make full use of tungsten, 
molybdenum and their alloys. It assures rocket 
and missile manufacturers of a steady and depend- 
able source of supply for the desired refractory 
metal blanks and ingots. 

Forging blanks are no problem for the Sylvania 
isostatic presses and sintering furnaces; nor are 


and 


missiles 


preform blanks for machining or electrodes 
for are casting. Sylvania is also equipped to 
“green machine” the blanks or furnish them 
to exact finished tolerances. 
If refractory metals are your materials, and 
special shapes, sizes or quantities your problem, 
you'll find the quality and price Sylvania offers 
to be of distinct advantage. For details, call your 
Sylvania representative, or write Chemical & 
Metallurgical Division, Sylvania Electric Products 
Inc., Towanda, Pennsylvania. 


SYLVANTA 


subsidiary of GENERAL TELEPHONE & ELECTRONICS Ss) 
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Every one 


a winner! Vancoram Exothermic Alloys—— Where quality’s concerned, all five 
Vancoram Exothermic Alloys are outstanding! So choosing between them comes down to picking the right type 
for your application. Every Vancoram Exothermic Alloy has been completely and intensively tested in laboratory, 
pilot plant and in the field. You can be sure of utmost addition efficiency with minimum cooling effect on the metal. 
Next time you specify, remember these names: THERMOKROM® (Ferrochromium) - THERMOSIL® (Ferro- 
silicon) - THERMOKROMSIL® (Ferrochrome-silicon) - THERMOVAN® (Ferrovanadium) - THERMOCOL® 
(Ferrocolumbium). Each comes in steel cans—palletized for easy handling. Alloy content is exactly preweighed 
for accurate, no-trouble addition. For more facts and figures about the economies of these Vancoram Exothermic 
Alloys, call or write your nearest VCA District Office. Vanadium Corporation of America, 420 Lexington Avenue, 


New York 17, N. Y. + Chicago « Cleveland « Detroit - Pittsburgh 


CORPORATION OF AMERICA WAY 


Producers of alloys, metais and chemicais 
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Since 1945... 
not a cent to maintain 
refractory concrete 

slow-cooling pits 


For fifteen years these slow-cooling pits have been absorbing sudden 
thermal shocks as red-hot railroad axles are lowered into them. And with 

no maintenance required! Pits like these, constructed with LUMNITE 

calcium-aluminate cement and suitable aggregates, have low volume change 

which makes the concrete highly resistant to heating-cooling cycles. - 
The monolithic walls have no vulnerable edges or joints that can be battered 
during charging and unloading. Construction of refractory concrete pits 

is economical, too. No skilled labor is required; reinforcing is easily built in; 
and concrete reaches service strength in 24 hours. 


For greater convenience, castables containing LUMNITE cement are available 
from leading manufacturers of refractories. These are packaged mixtures, 
ready to use. Just add water, mix and place. For information write 

Universal Atlas Cement, 100 Park Avenue, New York 17, N. Y. 


Nine of these slow-cooling pits, constructed with LUMNITE cement, have established service records at the Whee! and Axle Division of U. S. Steel's 
Homestead District Works. Pits measure 14’x14’x6’ inside; walls taper 12” to 20” thick, top to bottom. Built by Rust Furnace Co., Pittsburgh. 


Universal Atlas Cement 
Division of 
United States Steel “USS,” “Atlas” and “Lumnite” are registered trademarks 


Offices: Albany - Birmingham . Boston . Chicago - Dayton . Kansas City . Milwaukee - Minneapolis . New York . Philadelphia . Pittsburgh . St. Louis - Waco 
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No. 1303 AB SIMPLIMET PRESS 


for mounting metallurgical samples is of especially strong construction 
and provides unusual ease in operation. 1” and 14%” molds are available. 
It accepts bakelite powder, bakelite premolds or transoptic powder. 


No. 1255 AB SURFMET BELT SURFACER 


offers the advantages of wet grinding on silicon carbide belts. Features 
include fast, accurate grinding, external coolant and centering controls, 
easy belt change, and access for large samples with good splash 
protection. 


No. 1720 AB ELECTROLYTIC POLISHER 


is designed for trouble free service, ease of operation and versatility in 
the electropolishing of metallurgical samples. 


No. 1851-1 AB Polimet Polishing Apparatus 


has an 8” diameter wheel with infinitely variable speed between 100 and 
1200 RPM which is electrically controlled by turning a small knob. It is 
available also in 2 and 3 unit tables and for custom mounting. 


No. 1470 AB HANDIMET GRINDER 


provides the most rapid and convenient way of fine grinding metallurgical 
samples by hand. Four grades of adhesive backed abrasive papers are ar- 
ranged side by side with coolant flowing over them for fast clean cutting. 


No. 1000 AB CUT-OFF MACHINE 


is a heavy duty unit for abrasive cutting of metallurgical laboratory 
samples. It has a 5 HP motor, 12” abrasive wheel, built-in cooling system 
using jets or underwater cutting and a machine tool type positioning slide. 


METALLURGICAL APPARATUS 
4 2120 GREENWOOD ST. EVANSTON, ILLINOIS, U. S. A. 
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The big difference in Ryerson cold finished bars— 
consistent machinability 


When you buy cold finished bars from the nation’s 
largest supplier of steel from stock—Ryerson— you 
can always count on optimum machinability with 
dependable consistency. Setup headaches, produc- 
tion snarls and rejects are reduced to a minimum 
because the rigid quality controls of Ryerson 
Metalogics assure uniformity of stock from one 
lot to another. 

In addition to this consistency, Metalogics offers 


you unequaled service in depth. With 118 years of 
steel service experience, Ryerson has helped solve 
every conceivable kind of machining problem. And 
Ryerson stocks are the nation’s largest, including 
even the hardest-to-get types and sizes. So Ryerson 
specialists are able to recommend the very best steel 
for any given application. 

For consistent optimum results . . . plus on-time 
delivery, be ‘“‘Metalogical”—call Ryerson. 


STEEL+ALUMINUM PLASTICS METALWORKING MACHINERY 


S RYERSON STEEL 


Joseph T. Ryerson & Son, Inc,, Member of the 


Steel Family 
® 


PLANT SERVICE CENTERS: BOSTON BUFFALO + CHARLOTTE + CHICAGO CINCINNATI CLEVELAND DALLAS DETROIT HOUSTON » INDIANAPOLIS 
LOS ANGELES + MILWAUKEE + NEW YORK + PHILADELPHIA » PITTSBURGH + ST. LOUIS » SAN FRANCISCO + SEATTLE + SPOKANE + WALLINGFORD 
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Carbon Steel Stronger Than 
Low-Alloy Grade Above 1500° F. 


Every engineer who constructs process equip- 
ment for elevated-temperature service is faced with 
the problem of what would happen during short 
periods of extreme overheating. An example cited 
by P. N. Randall, research and development de- 
partment of Standard Oil Co. (Indiana), at the 
annual meeting of the American Society for Test- 
ing Materials is pressure vessels with internal in- 
sulation to keep the shell temperature down, which 
may be exposed to the full temperature of the con- 
tents for a few hours if the insulation fails. Regen- 
erator cyclones for catalytic cracking units in oil 
refineries are another example. Design specifica- 
tions require that these cyclones withstand 1200° 
F. continuously, 1500° F. for two weeks each year, 
and 1800° F. for two days each year without col- 
lapsing. According to Mr. Randall, data are not 
available to predict the serviceability of carbon or 
low-alloy steels for these conditions. 

Mr. Randall reported on creep-rupture tests for 
a carbon steel and a low-alloy steel in the range 
1200 to 1800° F., with emphasis on the phase 
transformation region. Also, a brief investigation 
was made of the changes in creep rate in a stressed 
specimen of carbon steel as it was heated through 
the transformation range. A stress of 2500 psi. 
was employed in all tests — the maximum allowed 
by A.S.M.E. Code for carbon steel at 1000° F. 
The two steels tested were a carbon type (A.S.T.M. 
A 201, grade A, firebox quality) and a low-alloy 
steel (A.S.T.M. A 387, grade C, firebox quality 
with a nominal composition of 1.25% Cr, 0.50 Mo 
and 0.75 Si. 

Studies of the effect of temperature on minimum 
creep rate at 2500 psi. stress (see graph), show 
that carbon steel is stronger than low-alloy steel 
above 1500° F. For both steels the transformation 
to austenite increased the creep resistance by an 
amount equivalent to a drop of about 250° F. in 
temperature. 

Mr. Randall described the results of his tests 
as reassuring, because they show that the degree 
of distortion and the possibility of rupture of a 
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piece of equipment overheated in service to the 
austenitizing temperature is less than what would 
be predicted from the known effects of temperature 
in the ferritic range. Fabrication of equipment 
from a low-alloy steel to guard against deformation 
or rupture during overheating may not be a wise 
practice, because these tests showed that its su- 
periority over carbon steel diminished steadily 
with increased temperature above 1200° F. and 
disappeared completely at 1500° F. (see curve). 

Additional notes from the A.S.T.M. meeting: 

* H. R. Copson of International Nickel Co. pre- 
sented data which showed that the long-time corro- 
sion rates (18 years) of good low-alloy steels in 
industrial atmospheres are of the same order of 
magnitude as that of nonferrous metals. “The 
durability of bare, reasonably thick, boldly exposed 
specimens of good, low-alloy steels is remarkable”, 
said Dr. Copson. 

* Thin anodic coatings (0.0001 to 0.0002 in.), 
not sealed, have no significant effect on fatigue 
strength of aluminum alloy 7075-T 6. Thick anodic 
coatings (0.001 to 0.002 in.), not sealed, decreased 
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fatigue strength considerably (35% in one test). 
Sealing anodic coatings in boiling water, regardless 
of their thickness, has a harmful effect on fatigue 
strength. These findings were reported by G. W. 
Stickley of Alcoa Research Laboratories. 

* Charles R. Mayne of International Nickel Co. 
predicted that in the future subzero rolling (“Zeroll- 
ing”) and forming (“Zeforming”) of stainless will 
be of practical use to engineers. 


Open-Coil Process for 
Gas Alloying of Steel 


When Lee Wilson, chairman of Lee Wilson En- 
gineering Co., Inc., Cleveland first told the story of 
the open-coil process for annealing steel about two 
years ago (see Metal Progress, June 1958, p. 97) 
gas alloying had not been thought of. Recently, 
Mr. Wilson reported that research on the open-coil 
process has revealed that in addition to conventional 
annealing the method can be employed to change 
the composition of steel. He hailed this new de- 
velopment as one of the most significant advances 
in steelmaking in more than a decade, stating . . . 
“although the first gas alloying unit was put into 
operation at a major steel company only last No- 
vember, a total of 18 units costing $27,000,000 
are now in use or on order by steel companies 
throughout the world”. 

The unique feature of the open-coil system is 
the provision for “air space” between the individual 
wraps of cold rolled coils. Gas is passed through 
these separations between the wraps of the coil 
to heat and cool the entire coil rapidly and uni- 
formly. Excellent drawing quality steel can be 
produced with an open-coil annealing cycle of only 
10 hr., whereas in batch annealing as long as a 
week is required. Conventional “tight” coils are 
“opened” by rewinding with a nylon string between 
each wrap of the loose coil. The nylon string is 
removed before the coil is placed in the annealing 
furnace. Equipment for processing coils at speeds 
up to 1500 ft. per min. is in commercial use. 

The new process of gas alloying changes the 
chemistry of the steel by removing or adding car- 
bon, nitrogen and other alloying elements that can 
be gasified during the annéaling of opened coils. 
This is done by controlling the heat, type of anneal- 
ing gas, its volume and velocity. Applications of 
the principle are many. Better deep drawing 
rimmed steel can be produced with the nonaging 
traits of aluminum killed steels. Harder tempers 
can be imparted to strip for tin plate by adding 
nitrogen, which means that cans can be made of 
thinner gage material. A low-carbon enameling 
steel can be made which requires only one coat in 
porcelain enamel finishing. The magnetic prop- 
erties and aging characteristics of plain carbon and 
silicon steels for motors and other electrical equip- 
ment can be improved. Carbon may be restored 
to the surface of high-carbon and alloy steel strip 
which has been decarburized during previous 
processing. 

Numerous other possibilities exist for gas alloying 
to improve the properties of flat rolled steel for 
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BETTER PROPERTIES FOR STEEL STRIP 


Gas Alloying Furnace Controls the Chemistry 
of Steel in "Opened" Coils 


many applications. An article is being prepared 
by engineers and metallurgists at Lee Wilson En- 
gineering Co. for publication in Metal Progress 
later this year which will discuss the benefits that 
seem sure to come from open-coil gas alloying. 


Single Crystals of Refractory 
Metais Made By Arc Fusion 


The growing importance of the refractory metals 
and compounds means that we must learn more 
about their fundamental properties. A step in this 
direction comes with the announcement that single 
crystals which are ¥% to 1 in. in diameter and about 
1 ft. long can be made. Developed by Linde Co., 
Div. of Union Carbide Corp., the technique for 
making the single crystals is an arc fusion process 
similar to the company’s method for producing 
synthetic sapphire, rutile and other oxide crystals. 
Cylindrical crystals of titanium (and its carbide, 
monoxide and sesquioxide), molybdenum (and its 
disilicide), tungsten, vanadium, columbium and 
tantalum have been made thus far. Four other 
compounds (columbium carbide, vanadium ses- 
quioxide, titanium diboride and tungsten disilicide ) 
will be available soon. 

The primary advantage of these single crystals 
is their improved properties which result from high 
purity and absence of grain boundaries. Linde 
reports that ductility is improved over that of poly- 
crystalline material and that much lower working 
temperatures can be used. 

Aside from their usefulness as research tools, the 
single crystals of refractory metals and compounds 
have potential applications where high purity and 
resistance to wear, corrosion and high temperature 
are important. Tungsten crystals, for example, 
would be useful in electrical contact points in 
vacuum switches. Titanium diboride is a semi- 
conductor at high temperature. Molybdenum di- 
silicide resists oxidation when hot. 
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New Vistas for 
Magnetic Particle Testing 


Unveiled at the Exhibit of Testing and Scientific 
Apparatus at the A.S.T.M. meeting was a new 
system for magnetic particle testing developed by 
the Budd Co. and now being marketed by the 
firm’s Instruments Division. Called “Recordaflux”, 
the method will offer fabricators proprietary solu- 
tions which contain magnetic particles. When 
sprayed or poured on the surface of a magnetized 
part, the magnetic particles are free to migrate in 
the solution and are subsequently “frozen” in 
place. The solution sets up as a plastic film which 
is strippable to provide a permanent record which 
can be readily duplicated with reproduction equip- 
ment. Patterns may also be viewed on the part 
and washed away if desired. 

Solutions for use in tests are formulated to give 
good visual contrast between the particles and the 
part. Two solutions are now being offered — one 
will set up in 25 min. and the other in 8 min. with- 
out forced drying. Specially designed magnetizers 
create a uniform magnetic field over a fairly large 
area to provide sensitive detection of local magnetic 
property differences. 


MAGNETIC PARTICLE TESTING 


Stripping Test Record From 
Welded Stainless Structure 


The system has been applied in nondestructive 
testing of stainless steel structures which have been 
spot welded. Direct correlation between test 
indications and the weld nugget diameter at the 
attachment area give reliable quantitative informa- 
tion on the strength of the weld, according to Max- 
well Pevar, Instruments Div. engineer, who devised 
the testing process. It can be applied to spot 
welded structures of cold worked stainless steels, 
such as Type 201, 301 and 302 and to the precipi- 
tation hardening grades. Mr. Pevar demonstrated 
to the editor of Metal Progress how “Recordafiux” 
is employed on a Type 301 resistance welded sand- 
wich structure to provide a permanent record of 
such significant quality control requisites as weld 
nugget diameter (attachment area), heat-affected 
zone, weld penetration (when examined from both 
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sides), missing welds, weld spacing and odd-shaped 
welds. Studies are under way to adapt the tech- 
nique to weld inspection in carbon and alloy steels 
and to detection of cracks in all metals where mag- 
netic particle testing is employed. 


New Method 
For Surtace Coating 


The Russians have come up with what seems to 
be a new idea for building up worn or undersized 
surfaces, primarily cylindrical. The work is 
mounted in lathe centers and a 2-mm. electrode 
wire of, say, chromium is carried by the tool holder. 
One pole of the power source is connected to the 
work, the other to the electrode. The electrode 
first touches the rotating work but is vibrated back 
and forth by an electromagnet, making and break- 
ing the circuit rapidly. When the wire touches the 
work, current flows, and both electrode and a spot 
on the metal immediately underneath are heated. 
Simultaneously a droplet of metal welds to the part. 
All the time the region is drenched with an electro- 
plating solution (in this instance, of chromium). 
Direct current at 150 to 300 amp., and 8 to 12 
volts is used. The inventors say that the layer 
has 90% of the strength of best chromium plating. 


Large Investment Castings 
Made in Ceramic Shell Mold 


Investment casting has proved advantageous for 
making parts of intricate shape or hard-to-machine 
alloys and prototype items of small numbers and 
uncertain design. Until recently it has been lim- 
ited to small parts. With new molding techniques, 
however, maximum casting weight can be increased 
to about 100 Ib. 

The new processes get away from the relatively 
thick solid mold which is required in conventional 
investment casting. Arwood Corp., New York, for 
example, uses a method in which a shell or ceramic 


New INVESTMENT MOLDING PROCEsS 
Ceramic Shell Replaces Solid Mold 
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is built up around a wax or plastic pattern. If 
possible, the patterns are joined to a common run- 
ner and this setup is coated with six or more layers 
of ceramic by alternatingly dipping it into a slurry 
and coating it with a finely divided refractory (see 
photo). The mold is dried at room te mperature 
and all of the pattern is removed at about 1800° F. 
Metal is poured into hot molds. 

In addition to its ability to make larger invest- 
ment castings, the new technique is said to give 
greater soundness, better surface finish and finer 
grain size than is possible with ordinary investment 
molds. 


Aluminum Railway Car 
Based on New Design 


While freight cars have been made of aluminum, 
experimentally, in the past, they followed conven- 
tional designs in steel, for the most part relying 
upon the lower quantity of the strong aluminum 
alloys to save enough weight to make the substi- 
tution pay for itself in the heavier loads to be 
carried. Apparently the proposition has not been 
proved; at any rate the railroads have shown no 
great enthusiasm for the idea. Aluminum Co. of 
Canada, Ltd. (Alcan) has recently attacked the 
problem by a redesign. Its hopper car appears to 
be a huge, “flat- -topped tank supported by the trucks 
at either end. Thus the curved sides act not only 
as a column but as a girder, eliminating part of 
the center sill and all the side posts. It is also 
designed on the module system, so cars of various 
lengths can be built by 5-ft. increments. It is said 


that 10% of the dead weight of a comparable steel 


car can be saved, or conversely that the locomotive 
can haul 10% more load in a single car. 


Materials Progress 
In Ceramics 


Composites made up of graphite and other re- 
fractory ceramics such as molybdenum disilicide 
and titanium boride have shown remarkable re- 
sistance to oxidation up to about 3000° F. When 
exposed to high temperatures under oxidizing 
atmospheres, the components develop a self-heal- 
ing coating which inhibits further oxidation. 

Research engineers at Boeing Aero-Space Div. in 
Seattle, from which the idea comes, report that a 
typical composition is 50% graphite, 24% molyb- 
denum disilicide and 25% titanium boride. These 
components are mixed with a liquid binder (fur- 
furyl alcohol) and pressed at 5000 to 15,000 ps 
The formed material is then cured slowly at 300° 
F. in air, then is fired in an inert atmosphere at 
3300 to 4000° F. At this point the binder car- 
bonizes and graphitizes with the coke in the body. 
When subjected to oxidizing conditions at high 
temperature, a layer of graphite burns off, thus 
exposing the ceramic additives. These oxidize to 
form a thin (about 0.001 in.), irregular oxide layer 
on the surface. It is this ceramic oxide which holds 
down further oxidation. As time and temperature 
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increase, the coating becomes thicker. Since it is 
hard and adherent, it does not spall during cooling. 

Aside from its ability to resist heat and oxygen, 
the new material is also stronger than standard 
graphite at room temperature. This advantage is 
carried to above 3000° F. 

Boeing ceramists say they still have much to 
learn about the material. Obviously the graphite- 
bare refractory has potential applications in high- 
speed flight. Current work is aimed at better un- 
derstanding of the mechanism by which the coat- 
ing forms and in getting better performance at 
more than 3000” F. 


From Here and There 


R. Carson Dalzell, assistant director of A.E.C.’s 
division of reactor development emphasized in his 
Gillett Memorial Lecture at the recent annual 
A.S.T.M. meeting the importance of standardizing 
reactor fuel elements to attain economical nuclear 
power. He suggested that an immediate step 
would be the standardization of fuel elements for 
test reactors. The nuclear power industry needs 
the attention of practical engineers to execute the 
ideas and designs of the scientists on a more eco- 
nomical basis, he stated. 


A Los Angeles foundry has received the first 
license to produce castings of U.S. Steel Corp.'s 
T-1 constructional steel. The licensee, Alloy Steel 
& Metals Co., reports it can make castings which 
have the same basic mechanical properties as T-1 
mill products. 


A new palladium alloy makes it possible to con- 
struct diffusion cells which do not deform in serv- 
ice in hydrogen separating equipment. Introduced 
by J. Bishop & Co. of Malvern, Pa., the alloy ex- 
periences no damaging change in lattice parameter 
as does pure palladium when it is heated and cooled 
in the presence of hydrogen. Use of the alloy in 
diffusion cells for hydrogen purification means that 
no special precautions are needed to protect the 
cells as they pass through the critical range from 
about 200 to 480° F. 


Tramp Elements 
Get More Attention 


In steel, tramp or residual elements such as cop- 
per, tin, arsenic and lead are generally considered 
undesirable. Copper over 0.20%, for example, can 
reduce the formability of steel and make it hot short. 
Tungsten and molybdenum have a hardening effect 
which is not always wanted. Next month, Metal 
Progress will feature a report from the steel industry 
which is designed to brief our readers on just where 
residuals come from, how they alter properties of 
steel an! what is being done to get rid of them. 


METAL PROGRESS 


| 
Pf: 
x 
nig 
fi 
| 
if 
y 
mab 
ohh 
eeee 
te 
| 
conn 
| 
= 
4 


Critical Points 


By the EDITORS 


The Problem of Brittle Fracture 


INVESTIGATIONS into brittle fail- 
ures have extended back for a good many years, 
the problem seems to get more and more com- 
plex. Consider these bits of history: In the late 
1920's two important suspension bridges had to 
be dismantled because the wires in their main 
cables were breaking in a brittle manner. Why, 
no one knew, no one yet knows; the defective 
wire (quenched and tempered steel) gave bet- 
ter physical tests than the old reliable cold 
drawn bridge wire. Railroad rails for a long 
time had been breaking under traffic; the diag- 
nosis was often “brittle fracture”, but this didn’t 
correct the trouble. As soon as this condition 
was cured by slow cooling (eliminating hydro- 
gen), automobile axles began breaking. They 
were supposed by the garage mechanic to 
“crystallize” in service. When that problem 
was solved, World War II came along with its 
welded ships that sometimes broke in half. 

Now that the ship difficulty has been worked 
out reasonably well (by eliminating sharp 
notches in the design and construction and 
building them of steel with a low transition 
temperature), metallurgists are troubled by 
missile motor cases that explode — or, in official 
cant, “suffer catastrophic failure” — at unex- 
pectedly low pressures when hydraulically 
tested. Today, metallurgists throughout the 
country are making a concerted attack on this 
latest manifestation of brittle failure, an attack 
that is intensified because of the military impli- 
cations which are involved. 
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Their difficulties are much greater than those 
faced by the engineers who argued about bro- 
ken rails. Requirements have risen continually 
since then. Design stresses are reaching 200,- 
000 psi. and higher, while wall thicknesses have 
dropped to 1/16 in. or less. Sometimes re- 
searchers feel that they are on a treadmill which 
runs faster all the time because designers seem 
to raise their sights as soon as any one target is 
hit. However, it would be nice if the Polaris 
program could be met and an American soar 
into space before a Russian. 


Progress With Tests 


Actually, there has already been quite a lot 
of progress, as this series of articles brings out. 
Less than three years ago, the first Sputnik 
flashed into space to ignite our missile and 
rocket program. Since no simple tests for 
notch sensitivity were then available, actual 
cases, both small-size and full-scale, had to be 
made from the high-strength alloys thought to 
be suitable. These cases were then tested 
hydrostatically to failure. Complications arose 
in pinpointing the actual cause for any one fail- 
ure because there was no way of telling 
whether the “recommended” heat treatments 
were doing the proper job or whether all detri- 
mental flaws had been eliminated. The wide 
choice of available fabrication methods added 
to the complexity of the problem. 

Since such a test method was also expensive 
and time-consuming — and time is vital to the 
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nation’s defense — investigators suggested sim- 
pler tests to measure “notch sensitivity”. (Those 
then available — chiefly the Charpy and Izod 
impact tests—did not seem to tell the full 
story.) Because many independent groups were 
working on the brittle failure problem, many 
different tests were devised. The Data Sheet 
(p. 100-B) lists a number of them. Some are 
notched tensile tests, some are bend tests, some 
are impact tests, some are bulge tests. Although 
all of them rate notch sensitivity to some de- 
gree, the question “Which one is best?” has still 
to be answered satisfactorily. 

However, three of these tests are now receiv- 
ing more attention than the rest. These are 
the center-notched tensile test devised at the 
Naval Research Laboratory, the edge-notched 
tensile test used by personnel of the National 
Aeronautics and Space Administration, and the 
bend test suggested by engineers at General 
Motors’ Allison Div. The first two — particu- 
larly, the center-notched test — are being used 
as a quantitative measure of fracture toughness, 
while the third is essentially a quality control 
test. Since each method is described in the 
following articles, only a brief account is needed 
here. 

The center-notched test piece is probably the 
most elaborate. Starting with a rectangular 
sheet 12 in. by 3 in., a notch is cut transverse to 
the loading direction. Very thin sharp-ended 
cracks are then induced, by natural or artificial 
means, at both ends of this notch. When this 
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Cylindrical Section 


Fig. 1 — How a Motor Case Goes Together. 
The welded joints can be sources of 
brittle failures during hydraulic test- 
ing. (Courtesy Aerojet-General Corp.) 


test piece is pulled, these thin cracks slowly 
lengthen until the remaining cross section can 
no longer support the load and rapid failure 
occurs. The final step is to calculate the frac- 
ture toughness. An actual failure in a missile 
case is analyzed through the use of this test in 
the Bernstein and Kies article, p. 79. 

As for its advantages: This test is the only 
one that gives a quantitative value for fracture 
toughness, a figure which presumably can be 
used by designers. While it is true that some 
assumptions — chiefly concerning crack geom- 
etry — are made to simplify calculations, these 
assumptions are fully explained, and have been 
accepted (with some reservations) by other 
workers in the field. The main difficulty is in 
producing the test specimen. Each separate 
specimen is quite difficult to machine, much 
more so than the edge-notched test that the 
N.A.S.A. prefers for screening alloys and heat 
treatments. A fine symmetry must be main- 
tained, and the notch radii have to be extremely 
small, less than 0.001 in. This fabrication prob- 
lern will probably limit the center-notched test 
to research work. 

The edge-notched test piece, described and 
illustrated in the article by Espey (p. 83), is a 
tensile test with two opposing notches with 
very small bottom radii as before carefully ma- 
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Throughout the four articles following the 
introduction you will note many references to 
various parameters such as Ge and Ke. (Con- 
cerning definitions, G, stands for the “critical 
strain-energy release rate for unstable crack ex- 
tension”. Another scientist defines it as the “criti- 
cal crack extension force” while K,. denotes 
“fracture toughness at the time the rate of crack 
growth becomes unstable”.) These and other 
factors which are used in measuring fracture 
toughness stem from the Griffith-Irwin theory 
which many workers in the field now use as a 
basis for their research. 

Its history is brief. Back in 1920, A. A. Griffith 
evolved a mathematical theory to explain frac- 
ture in brittle materials. This treatment was 
eventually adapted by G. R. Irwin (and inde- 
pendently by E. Orowan) to describe similar 
failures in ductile materials. Since this revised 
formula — a simplification of it can be found in 
a footnote to the Bernstein and Kies article, 
p. 82 — describes, in essence, brittle failures in 
ductile materials, it is somewhat more compli- 
cated than Griffith’s original version. At any 
rate, it gives a quantitative value for fracture 
toughness; because of this, investigators con- 
sider it to be very useful. 

Though the Editors feel that the full mathe- 


matical treatment of Irwin’s analysis is some- 
what out of place in Metal Progress, since our 
pages are devoted to interpretive articles, re- 
views and bread-and-butter matters, those who 
are interested in the theoretical background can 
consult the following references: 


“The Phenomenon of Rupture and Flow in 
Solids”, by A. A. Griffith, Philosophical Trans- 
actions, Royal Society of London, Vol. A-221, 1920, 
. 163. 

‘ “Fracture Testing of High-Strength Sheet Mate- 
rials”, a report by the A.S.T.M. Committee on 
Fracture Testing of High-Strength Sheet Materials. 
This committee report was originally printed (in 
two parts) in the A.S.T.M. Bulletin, January and 
February 1960. 

“Fracture Dynamics”, by G. R. Irwin, Fracturing 
of Metals, American Society for Metals, Novelty, 
Ohio, 1948. 

“Fundamentals of Brittle Behavior in Metals”, 
by E. Orowan, Symposium on Fatigue and Frac- 
ture of Metals, Massachusetts Institute of Tech- 
nology, June 1950, John Wiley & Sons, Inc., New 
York, 1950. 

“Analysis of Stresses and Strains Near the End 
of a Crack Traversing a Plate”, by G. R. Irwin, 
Journal of Applied Mechanics, Vol. 24, September 
1957, p. 361. 

“Fracture Mode Transition for a Crack Trav- 
ersing a Plate”, by G. R. Irwin, A.S.M.E. Metals 
Engineering Division Conference, Albany, N.Y., 
April 1959. 


chined into the edges. Though the fracture 
toughness can be calculated as in the center- 
notched test, it is usual to compare the unit 
strength of this notched piece in tension with 
the tensile strength of a similar specimen but 
unnotched. When the notched tensile strength 
is the lower value, the alloy is “notch-sensitive’, 
by definition. 

Though the edge-notched specimen is some- 
what easier to machine than the center-notched 
specimen, it can still be considered a precision 
object. As such, its use is probably limited to 
research and development work. 


Bend Test for Quality Control 


This is not true of the instrumented bend test 
developed at the Allison plant for quality con- 
trol purposes. As described in Hanink’s article 
(p. 89), it is much simpler than the other two — 
as far as fabrication is concerned, at any rate. 
It is nothing more than a small section of sheet, 
0.700 in. wide by 1.5 in. long. Instruments are 
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attached to record stresss, strain and time and 
it is bent slowly in a jig. 

Because the test is easy to make and interpret, 
according to Allison engineers, it can be readily 
used to check production at various steps during 
manufacture, and made in such numbers that 
the results can be analyzed by statistical meth- 
ods. However, others seem to feel that it does 
not give a true indication of notch sensitivity. 


More Work and New Ideas Needed 


Though all three tests have their proponents 
and their critics, at present no one of them 
seems to offer the final answer. Possibly this is 
because there are limited data available in 
which actual failures of full-sized cases are 
correlated with the preliminary test results. 
Furthermore, investigators have often been 
unable to assign a definite cause for a particular 
failure — which naturally complicates the prob- 
lem. Under these conditions, the only solution 
left is rigorous stress analysis, and trust that 
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actual missile cases will behave as predicted by 
the equations. 

Even though two committees (one sponsored 
by the American Society for Testing Materials 
and the other by the Aerospace Industries 
Assoc.) appear to favor the center-notched test 
with its attendant mathematical analysis, many 
engineers will probably be reluctant to accept 
their recommendations and for a very com- 
pelling reason: It is a notorious fact that 
engineering materials are averse to obeying 
mathematical rules when used in machine parts. 
Designers recognize this, and in the past have 
been able to apply fairly large safety factors to 
compensate for this unfortunate predilection of 
their inanimate materials of construction. 
However, the designers of missiles, rockets and 
aircraft cannot use this convenient crutch; they 
have a weight problem to consider. 

All in all, the brittle fracture problem, as it 
applies to rocket motor structures, is a knotty 
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Fig. 2 — Typical Missile Motor Cases in Fabrication Shop. (Courtesy A. O. Smith & Co.) 


one. Though this series of articles presents the 
most advanced thought on the subject, in terms 
we hope are understandable to the metallurg- 
ical practitioner, we are quite sure that the final 
word has not been said. Furthermore, much 
hard work and much deep study will be needed 
before the final word is said. 

We are sure that readers of Metal Progress, 
other than the considerable number of men 
already working on this problem, can be of 
important help. Perhaps as each one of you 
reads these articles, you will remember some- 
thing in your experience which will throw a 
little light into a dark corner. If so, we would 
like to hear about it. 

Who knows? A little item of information — 
learned in times past, filed away in your mind, 
and now recollected — may be of first impor- 
tance to the defenses of America, and may in- 
deed help us to be the first on Mars. 

Perhaps you can hint the solution. i) 
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Fracture Theory 


Applied to High-Strength Steels 


An outline of a method by which fracture mechanics has estimated 


By G. R. IRWIN and J. A. KIES* 


the “fracture toughness” of high-strength sheet steels necessary to insure 


Ths articLe 1s CONCERNED primarily with 
two items — first, procedures for the analysis 
of fracture, and second, applications of these 
analyses to the reliability of chambers fab- 
ricated with high-strength sheet steels. Frac- 
ture mechanics, for the applications to be con- 
sidered here, assumes only that any two systems 
for stressing a crack are equivalent if they pro- 
duce the same stress environment near the 
leading edge of the crack. Since this is evident, 
the analysis can be regarded primarily as de- 
scriptive, rather than theoretical, and as pos- 
sessing a rather high degree of generality. 

In order to compare fields of stress at edges of 
cracks in different situations, we must solve 
difficult problems in stress analysis, and certain 
simplifying assumptions are made. While these 


Fig. 1 — General Case of Short, Sharp Crack in 
a Very Large Plate of Ideally Brittle Material 


Stress=oa 


Sharp Crack 


Stress=a 
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against catastrophic failure. (Q26; AY, SGB- a, 10-51) 


aid computation, they are not considered basic 
to the fundamental concepts. 

Under these circumstances, the analysis con- 
sists of applying (by stress analysis) the above- 
mentioned and self-evident hypothesis to the 
practical problem of spread of a crack at high 
speed. Proceeding in this way, we establish a 
concept of “fracture toughness”, the dimensions 
of proper test specimens and the correct testing 
procedures. We also can relate “fracture tough- 
ness”, temperature, section size, and yield 
strength of the steel (as determined by the con- 
ventional tension test and for our present pur- 
poses it is “high-strength”, that is, above 190,000 
psi.) to the transition from brittle splitting to 
ductile shear as it appears on the broken surface. 
Once we have established these general rela- 
tionships we are better prepared to interpret the 
cause of individual failures and to determine 
minimum inspection standards. 


Evaluating Fracture Toughness 


A consideration of the many tests proposed 
for evaluating brittleness (some of which are 
listed in the Data Sheet, p. 100-B) will show 
that they generally use a notched specimen or 
one containing an artificial crack. In fracture 
mechanics we start by estimating the elastic 
stresses at the leading edges of a sharp crack 
through a very wide (“infinite”) plate, as shown 

*U.S. Naval Research Laboratory. This work 
has been supported by the special projects branch 
of the Bureau of Naval Weapons. Much of the 
work has been done in cooperation with the Aerojet- 
General Corp., Azusa, Calif. Material has been 
included from a paper by G. R. Irwin and J. E. 
Srawley presented to the A.I.M.E. in January 1960. 
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> Strained Zone 


Crack Length 
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Fig. 2— Relation Between Stress Inten- 
sity Parameter K, Parameter for Rapid 
Failure by Crack Extension K,, and 
Length of Crack in a Certain Material 


Fig. 3—Idealized Relationship Between Ke, 
Fracture Stress and Length of Crack (Assumed 
Small Relative to Width of Specimen). Results 
of actual tests, shown in dashed line, show 
influence of plastic yielding at edge of crack 


Parameter for 
Rapid Crack 
Extension 


2 3 
Length of Crack, 2a 


in Fig. 1. With certain simplifying assump- 
tions, it can be shown that this field of elastic 
stress is characterized by a single parameter 
which we will call K, proportional to the stress 
intensity. When expressed in units of ksi.\/in. 
(where ksi. is kilopounds per square inch), its 
values lie within the range of 50 to 300. Ex- 
expressed in another way, K is the product of the 
nominal tensile stress perpendicular to the 
crack (o in Fig. 1) and a factor Vza related to 
the size of the crack. The equation K=o\/za 
applies to a sharp crack through a relatively 
large plate of “ideally brittle” material. For a 
realistic test plate the crack length is not small, 
relative to the plate’s width, and allowance 
must be made for local plastic yielding. The 
computation of K is then more complex. Meth- 
ods of estimating its numerical value have been 
explained elsewhere. 

Now consider what happens when a cracked 
specimen (or structure) is gradually loaded. 
Some plastic yielding will occur at the ends of 
the crack at rather small tensile loads, and this 
redistributes the applied stress. The “strain 
energy release rate”t increases as the load is 
increased; the volume and magnitude of the 
localized plastic strains also increase, and finally 
the crack starts to grow. 

While the parameter K is not a stress con- 
centration factor in the usual sense, it is a 
measure of the localized increase in stress due 
to the existence of a crack. The particular value 
of K which will result in rapid or unstable crack 
propagation is termed K., sometimes called 
“crack toughness”. Ke varies with the material, 
the degree of constraint (for example, the thick- 
ness of the metal) and the temperature. Figure 
2 shows some of these relationships. Assuming 
that the horizontal dashed line is correct for a 
given metal in a given condition, rapid fracture 
will occur under conditions above the line, and 
(not surprisingly) start from a short crack at 
high stress or from a long crack at a low stress. 

If the initial notch is sharp enough, unstable 
cracks do not propagate immediately after the 
first natural crack appears. This is because the 
rapid increase in the size of the plastic zone 
more than balances the constant load increase 
of K* associated with a lengthening crack. 
Thus, the loading stress « must be increased to 
extend the crack which first appears. However, 
the plastic zone at the notch or crack initially 

tAccording to Griffith’s theory, strain energy 


release rate G is K? divided by Young’s modulus 
for the material: G = K? + E. 
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Fig. 4— Variation of Value of K for Unstable 
Crack Propagation, K,, With Thickness of 
Sample in Tests on Aluminum Alloy 7075-T 6 


increases very rapidly in size because it was 
initially zero or negligible. 

When the loading arrangements are suffi- 
ciently stiff, one always observes that when a 
long crack extends the load drops somewhat. 
Thus, the load required to extend the crack 
first increases then decreases. When a crack is 
slowly extended, the energy dissipated in plas- 
tic flow of necessity must just equal the strain 
energy release rate G. If the loading arrange- 
ment prevents the above mentioned relaxation 
of the load, the instability and onset of rapid 
fracture will begin very close to the maximum 
load the specimen or structure can carry. 

The above considerations are reflected in 
Fig. 3, which applies to wide specimens of thin 
Fracture stress is greater than yield 
stress for short cracks. The specimen fails plas- 
tically if the crack is shorter than a minimum 
length shown as 2a¢. In fracture analysis, cal- 
culations for K and Ke should be corrected for 
the discrepancy between theory and actuality, 
as indicated in Fig. 3. 

Regardless of their value for specific indus- 
trial problems, most sharp-notch tests previously 
suggested are unsuitable for measuring Ke. To 
measure it for a given material we need a test 
and a test piece in which the load and crack 
can be measured for onset of rapid fracture. 
We believe that the procedures outlined in 
A.S.T.M. Bulletin for January and February 
1960 will be satisfactory. Samples may be 
notched either on the edges or centrally. The 
average stress on the entire cross section is ob- 
served as well as the length of the crack when 
it starts to lengthen rapidly. Computations are 
simplified by the graphs in the A.S.T.M. article. 
After a correction is made for the stress relaxa- 
tion from plastic flow mentioned in the preced- 


sheet. 
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ing paragraph, test plates may be used ranging 
from 16 to 45 times as wide as they are thick. 
Results should be accurate so long as the ob- 
served stress at failure is not more than the 
tensile yield. 


Constraint in Thick Sheet or Plate 


It was mentioned at the outset that fracture 
tests were influenced by constraint — that is, 
limitation of local plastic flow by adjacent 
masses of unyielding material. This is clearly 
shown in tests of aluminum alloy 7075 in T6 
condition (Fig. 4). When the size of the plastic 
zone is large in comparison with the thickness 
of the metal, the fracture appears ductile and 
its course is an oblique shear. Conversely, 
when the plastic zone is relatively small, the 
fracture is in a plane normal to the tensile load 
and appears to be a flat tensile break. Of most 
interest is the fracture-mode-transition region 
of the curve (samples around 0.2 in. thick) where 
K. is changing most rapidly with variations in 
thickness, yield strength and basic toughness. 

The influence of dimensional constraint upon 
appearance of the fracture is clearly illvstrated 
in Fig. 5, a section of high-strength steel from 
a fractured pressure chamber. The origin of 
the fracture was in thinner wall out of view 
to the left. As the running crack moved toward 
the right through metal gradually increasing in 
thickness, there was a corresponding gradual 
decrease in the percentage of the borders of the 
fracture surface occupied by the “shear lip”. 
A change from 100% shear to 55% shear accom- 
panied a change in thickness of wall from 3/16 
in. to % in. Thus a 30% change in thickness 
covered nearly half the transition range of frac- 
ture mode. 

It would be most helpful if we could calcu- 
late the degree of plastic constraint in exact and 
realistic terms, but unfortunately we cannot do 
so at present. Dimensional analysis shows that 
a value, noted as Be, is proportional to the ratio 
between size of plastic zone at front of a rapidly 
extending crack and the plate thickness. In 
the midrange conditions mentioned in the last 
paragraph, and where the brittle fracture sur- 
faces have sheared edges occupying about half 
the area, the value of B¢ lies between 2 and 3. 
Admitting that calculated values of 8 are at 
best a crude measure of the relative size of 
the plastic zone, we can nevertheless use them. 
For example, one can estimate the necessary 
size of the test specimens, which should ob- 
viously be as small as possible to conserve ma- 
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terial. On this basis and postulating that the 
average stress on the net section at onset of 
rapid cracking should be equal to or less than 
the tensile yield stress, it works out that the 
width of the specimen should be at least 16 
times the thickness. A more important con- 
sideration will be developed near the end of 
this article which indicates that 8, should be 
greater than 27 or 6.3 if the metal is to be 
successfully used in a pressure vessel. 

The appearance of broken sections of high- 
strength steels (yield greater than 200,000 psi. ) 
is widely used in research into such factors as 
composition and heat treatment and in the ex- 
amination of service failures. It is also well 


known that the appearance varies with testing 


temperature. Tests of this nature are usually 
made on 1.5-in. wide tensile specimens having 


-100 0 
Testing Temperature, °F. 


100% Si 


Fig. 5 — Fracture in Pressure Chamber of High- 
Strength Steel. It started at left, outside the 
view, and ran to the right. The mode of frac- 
ture changes from all shear to 55% shear as the 
wall thickness increases from 3/16 to 1/4 in. 


a sharp-ended central slot. Figure 6 shows one 
such relationship, wherein the lowest tempera- 
ture at which the specimen breaks with 100% 
shear is called the “full shear temperature” or 
FST. It is evidently sharply defined at 75° F. 
in this material. The section profiles at the 
right of the sketch indicate that there is no 
“shear lip” in this material at —300° F.; at such 
a temperature it is completely brittle. There 
is a theoretical basis in fracture mechanics for 
the assumption that the “full shear temperature” 
of a satisfactory metal should be less than the 
lowest service temperature, which rests on the 


Fig. 6—Sketch Showing 
Variation in Type of Frac- 
ture in a High-Strength 
Steel as Testing Tempera- 
ture Drops from +75° F. 
to —300° F. (Shear Lip) 
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observation that the top end of the fracture 
mede transition corresponds to Be = 2r. 


Analysis of a Fracture 


Figure 7 shows a primary fracture in a rocket 
chamber made of A.M.S. 6434 steel sheet 0.226 
in. thick which broke below the rated pressure 
during hydrostatic testing. Failure began in 
the longitudinal seam not far from an inter- 
section with a centrally located girth weld. 
The nominal hoop stress was 108,000 psi. at 
the time it split, although control specimens 
heat treated simultaneously indicated a tensile 
yield stress of 194,000 psi. Faulty welding had 
produced a local region of large columnar 
grains clearly shown on the fracture surface. 
Otherwise,, the fracture markings are those 
ordinarily found in a brittle tensile fracture. 

Since there was no pronounced bulge of the 
wall where this fracture began, the crack did 
not slowly extend through the complete thick- 
ness. The edge of the weld is shown at the 
left; the bead was not finished flush, so the 
section is somewhat thicker than the 0.226 in. 
The columnar grains are 0.074 in long. From 
the data given above, the parameter K figures 
out to be 64,000, a value so low that one would 
not expect cracks to propagate unless the frac- 
ture toughness in the region containing the flaw 
was far below normal. 

To see that the toughness is actually low, a 
rough estimate can be made of the fracture 
toughness from the appearance of the fracture, 
containing, as it does, less than 10% of shear 


Fig. 7 — Fracture During 
Hydrostatic Test in a 
0.226-in. Sheet Originating 
in Columnar Grains in 
Weld at Top, Left. Steel 
was A.M.S. 6434 with 
tensile yield of 194,000 
psi. Hoop stress at failure 
was 108,000 psi. 10x 
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lips. Estimating 8, the parameter related to 
the expected plastic zone at the edge of the 
running crack, and making the necessary com- 
putations, we find that K, for catastrophic 
propagation of the crack is about 93,000. Tests 
of fracture toughness of submerged arc welds 
in similar material have indicated that a Ke, 
equal to 160,000 can generally be obtained, and 
is frequently exceeded with careful welding and 
heat treatment. What conclusion can we reach? 

Primarily, we try to distribute the responsi- 
bility for such a failure between three factors 
—(a) size of initial flaw, (b) fracture toughness 
of the material, and (c) stress level at time of 
failure. It would appear from the above that 
the primary blame for the fracture shown in 
Fig. 7 rests with the low toughness of the weld 
metal. The columnar flaw was a symptom of 
this. If this columnar region can be regarded 
as a prior crack, it must bear some portion of 
blame for the fracture because even metal of 
low toughness does not break at stresses less 
than the yield stress unless a crack is started by 
a local defect. Since the hoop tension of only 
140,000 psi. maximum was expected during 
hydrotesting, conditions for crack propagation 
would not have been present even at full pres- 
sure if the metal around the “flaw” (around the 
columnar area) had had a Kg value of 160,000. 


Minimum Toughness Requirements 


The question considered next is: What level 
of fracture toughness is needed in the walls of 
a pressure vessel? A line of reasoning exists 
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suggesting tnat is should be large enough so 
that the ratio B. is equal to or greater than 
27. This is the same thing as assuming that 
this value of Ke- can arrest a through-crack 
equal in length to twice the thickness of the 
plate when the stress equals the tensile yield 
(Fig. 1). 

This situation is of special interest for a num- 
ber of reasons. In rocket engine chambers, it 
seems unwise to count on the applied stress 
being appreciably less than the tensile yield 
stress. Also if, during hydrostatic testing, a 
crack which has extended through the thick- 
ness from a defect near one surface can be ar- 
rested even temporarily, a chance exists of de- 
tecting it either by sonic apparatus or fluid 
leakage. To estimate the fracture toughness for 
arresting a crack appreciably larger than twice 
the plate thickness would be unrealistic. The 
mathematical theory also indicates when fg is 
greater than 27 a surface crack less than one 
third the thickness of the sheet would not ex- 
tend through the entire thickness under the 
given conditions. 

When the value £¢ is larger than 27 or 6.3, 
one anticipates that the crack would slowly ex- 
tend and the wall would yield in a plastic man- 
ner. If 8- were substantially less than this 
value, cracks would be expected to develop 
from a small surface crack (less than one third 
the specimen’s thickness) and to continue as a 
through-crack without appreciable hesitation 
or plastic distortion. 

Another recommendation for the recom- 
mended criterion B- > 27 is that this relation- 
ship corresponds to test pieces containing more 
than 80% shear lip on the fracture surface. 
Thus, the center-crack test which measures the 
temperature required for nearly 100% oblique 
shear fracturing (see Data Sheet) centers at- 
tention on a toughness level close to Be = 2z. 
Support also comes from extensive work by 
Aerojet-General on specimens 3 in. wide with 
center notches. Comparing the results with 
service failures, it appears that the metal is 
sufficiently tough if the net section stress shown 
in the 3-in. laboratory specimens exceeds the 
yield stress. This criterion agrees with 8. = 27 
for 3/16-in. plates (a midrange thickness). 


The Concept of Critical Crack Size 


In the early work on fracture mechanics, it 
seemed reasonable to expect that measurements 
of fracture toughness, coupled with knowledge 
of the tensile stress in the structure, could be 
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related to a “critical crack size”, and one could 
then predict the smallest crack which inspectors 
would need to find. However, it appears that 
this initial goal may be the last thing we dis- 
cover. It is difficult to specify the dangerous 
crack because the slow extension of a crack 
which precedes the onset of fast fracture de- 
pends both upon the sharpness of the initial 
crack and the damage which may lie beyond 
its edge due to whatever conditions created the 
crack. Furthermore, existing cracks may ex- 
tend during each load cycle, and one frequently 
does not know how many cycles must be en- 
dured in the expected life of the structure. 
Other factors complicate matters still more: 
A crack may extend appreciably during several 
minutes at constant load; local regions of re- 
sidual tensile stress may be present; and the 
inspection techniques may underestimate the 
real size of the crack. 

All of these factors are being investigated. 


Inspection 


Regardless of the many unknowns, several 
comments on inspection procedures will be 
risked: 

Value of parameter K for rapid or unstable 
crack propagation, called K. in the preceding 
text, applies to cracks which extend through the 
specimen. We need a way of estimating a simi- 
lar parameter for shallow cracks, since through- 
cracks — even small ones — are rarely present in 
the pressure vessel. Inspection procedures are 
primarily concerned with embedded cracks 
which will extend initially under a degree of 
plastic constraint corresponding to plane strain, 
and the parameter we are looking for may be 
hardly one quarter of the “through-crack” Ke. 
Through somewhat complicated calculations it 
appears that a crack no longer than 0.02 in. 
may be rapidly propagated in average steels 
with 210,000-psi. yield strength. This pertains 
to a crack at one surface of a chamber wall 
carrying a tensile stress equal to the yield stress. 
Cracks smaller than this can be regarded as 
dangerous in various degrees depending upon 
the uncertainty factors previously listed. Half 
the propagation size, or 0.01 in., has some- 
times been suggested as the dangerous crack 
size to be looked for in inspection. We believe 
that such an estimate is not overly conservative. 

Thus, it is clear that reliability of rocket en- 
gine chambers depends upon careful and de- 
tailed inspection procedures to a degree which 
can scarcely be overemphasized. S$ 
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Fig. 1— Rocket Motor Case 
Which Failed During Hydro- 
test. Evidence indicates that 
failure can originate on the out- 
side as well as the inside surface 
of the case and will occur 
regardless of whether water 
or oil is used to pressurize it 


Crack Growth During Static Tests 
of Rocket Motor Cases 


By HAROLD BERNSTEIN and J. A. KIES* 


Fracture toughness tests which measure the resistance of metals 
to crack propagation indicate that pre-service stressing 
of rocket motor cases should be minimized. (Q26q; AY) 


I+ rocker motor CASES are to perform 
reliably, flaws of subcritical size must not grow 
to critical proportions. (It is assumed that flaws 
of critical size and larger can be discovered by 
inspectors or by the hydrotest and then cor- 
rected or the object scrapped.) Presumably, one 
loading to the expected service stress or higher 
—in a hydrotest, for example—should cause 
catastrophic failure from flaws whose sizes are 
at least of critical size at the specified stress 
level. One might hope that this would elimi- 
nate all defective chambers. It would make 
further cycling unnecessary and guarantee 
100% reliability in the survivors of the first cycle. 

The record shows otherwise. 

At present one motor-case program requires 
three hydrostatic tests or loading cycles each 
with pressure held for 3 min. This specification 
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is apparently based upon fatigue behavior, and 
the rationale is that chambers which survive 
have a high degree of reliability. In ferrous 
alloys the endurance limit, as indicated by 
fatigue curves, is about half of the tensile 
strength. Below this, the stress on a polished 
specimen can be repeated indefinitely without 
failure and the material may be characterized 
as reliable. At higher stress levels the number 
of cycles to failure decreases rapidly as the 
pulsating load increases. Therefore, reliability 
based on such a limited number of cycles as 
three is questionable. 

The reason lies in the nature of the fracture 


*Mr. Bernstein is metallurgist, U.S. Naval Weap- 
ons Plant, and Mr. Kies is head of the ballistics 
branch, U. S. Naval Research Laboratory, Wash- 
ington, D.C. 
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process. It can be assumed that all materials 
contain minute flaws which grow under cyclic 
loading. The rate of propagation depends in 
a complex way upon the stress level. Further- 
more, fabricated structures normally contain 
flaws which are huge in comparison with the 
inherent flaws in parent material. Indeed, flaws 
in fabricated structures can grow into unstable 
cracks during a few cycles of service loading. 


Failures During Hydrotests 


A number of hydrotest failures such as that 
shown in Fig. 1 have been examined by the 
authors. Failures have occurred indiscrim- 
inately during the pressure rise or the pressure 
hold during any particular cycle. Growth 
markings have been observed on numerous 
occasions at the origins of fracture. A recent 
example is illustrated in Fig. 2. The origin, 
which was next to a weld, displayed two steps 
in its growth, each about 0.03 in. deep. The 
first step formed at the outside surface during 
the first hydrotest. The second step marked a 
hesitation in the extension of the crack through 
the thickness during the second cycle. At about 
75% of the maximum pressure, the crack pene- 
trated the wall, became unstable and ran 
rapidly along the motor case. There was no 
sign of oxide scale or discoloration on the frac- 
ture surface at the origin which would indicate 
a prior crack. Metallographic examination dis- 
closed no structural degradation in the area 
such as coarse grains or incipient melting. 


Since the welds were not ground flush, the bead 
geometry was the likely source of failure. It is 
probable that the original crack started at a 
notch at the edge of the weld bead as a result 
of the high bending stresses which, in turn, 
were caused by poor geometry around the weld 
at the thrust nozzle boss. The high hardness 
of the material (A.M.S. 6434, Rockwell C-50 to 
53) made it susceptible to cracking. 

The pressure medium in all except a few 
tests was water. Oil was used in at least one 
motor case which failed during the second pres- 
sure cycle. While most failures originated at 
the inside surface, a significant number orig- 
inated on the outside. In the great majority, 
the causes of failure — whether failure orig- 
inated at the inside or outside surface — were 
prior cracks in the weld or weld-affected zone, 
structural degradation in the heat-affected zone, 
design or fabrication errors (sharp corners in 
re-entrant angles, thin wall sections), defi- 
ciencies in the parent-metal (corrosion pits, ex- 
cessive decarburization), and weld sinks or 
dents. These observations indicate that the pres- 
surizing medium, whether oil or water, did not 
play a dominant role in the initiation of failures. 


Crack Propagation Measured 


To obtain information on crack growth during 
the loading cycles, a number of slotted sheet 
specimens of A.M.S. 6434 (Fig. 3), heat treated 
to 200,000-psi. yield strength, were subjected to 
a modified fracture toughness test. This test 


Fig. 2— Growth Markings 
at Origin of Failure in 


First Growth Step “Hesitation Line 
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Rocket Motor Case. 
Smoothest areas rep- 
resent shear. About 9x 
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“Notch: 0.015 x 0.002 in., 
_ Notch Radius: 0.001 in. 


Thickness: 
0.109 In. 


Load 


= 
in. 


Fig. 3 — Fracture Toughness* Test Specimen 


A test load of 30,000 Ib. was selected to im- 
pose net section stresses which bracketed the 
maximum hoop stress (160,000 psi.) imposed 
during hydrotests on motor cases of A.M.S. 
6434, and which approximated the yield 
strength of the steel at the end of the test. Each 
specimen in a particular group was loaded the 
required number of cycles, and the load of 
30,000 Ib. was held for 3 min. in each cycle. 
Prior to testing, a small amount of India ink 
was placed in the corner of each slot, and the 
ink was drawn into the crack as it slowly ex- 
tended. When the loading cycles were com- 
pleted, the ink was allowed to dry and the 
specimen was broken so that crack could be 
measured. Such ink stains are shown in Fig. 4. 

Despite the fact that the initial net section 
stress was considerably lower than the yield 
strength, six of the 20 specimens failed during 
the cycling tests. Even though the data are 
limited, it is clear that the pieces were unstable 
after a few cycles of moderate loading. The 
increase in rate at which cracks were slowly 
growing after each cycle is shown in Fig. 5. 

In addition to showing the relation between 


Fig. 4—Ink Stains Noting an of Induced Crack (2a) on Fracture Spccinns of A.M.S. 6434 


measures the ability of a material to resist 
propagation of a running crack from an exist- 
ing flaw. The basic idea was to regard each 
test specimen as representing a motor case 
constructed to contain a serious flaw of fixed 
size (the slot). Sheet specimens were 3 x 12 x 
0.109 in.; each contained a slot terminated at 
each end by a sharp notch which served as a 
crack starter in the course of tensile loading. 
Five groups, each containing four specimens, 
were subjected to one to five loading cycles. 

In our tests at the Naval Weapons Plant Lab- 
oratory, specimens were loaded at a crosshead 
speed of 0.35 in. per min., but loading rate does 
not appear to be an important factor. 


*Fracture toughness, the concept and its deter- 
mination, is explained in the article by Irwin and 
Kies, p. 73. 
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Fig. 5—Slow Crack Growth in A.M.S. 
6434, 0.109 In. Thick, Heat Treated to 
200,000-Psi. Yield Strength. Length of start- 
ing crack (slot plus notches) was 1.02 in. 
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Fig. 6 — Effect of Tempering Temperature on 
Critical Crack Extension Force, Yield Strength 
and Net Section Stress for A.M.S. 6434 


loading cycles and crack growth, the test also 
determines the force required to cause unstable 
crack growth. At some critical load value (P) 
and crack length (2a), the crack becomes un- 


Fig. 7 — Effect of Loading Cycles on Crack 
Growth in Mellon Institute’s MX-2 Steel (4137 
with 1% Co and 1% Si). Specimens were 0.065 
in. thick and heat treated to 220,000 to 240,000 
psi. 9 strength. As in Fig. 5, 2ay is the length 
of the starting crack (0.76 in. in these tests) 
(Ipsi. means inch-pounds per sq.in.) 


Failed at 40 Sec. During the 2nd Cycle 


4 6 8 
Number of 3-Min. Cycles 


stable and propagates rapidly to the sides of the 
specimen. Substituting the values of P and of 
2a (distance between the ends of the ink stains ) 
into the Irwin tangent formula*, we find that 
with a slow crack length 2a of 1.52 in. at a load 
P of 29,100 Ib., the critical crack extension force 
Ge is 973 in-lb. per sq.in. Ge values between 
500 and 1000 are considered essential to meet 
present rocket motor case requirements. To 
calculate the size of a critical flaw in a motor 
case in terms of the working stress, we employ 


the Griffith equation, Gear At a working 


stress of 200,000 psi. and toughness Ge. of 973, 
the critical flaw length is 0.46 in. 

Variables which influence G, include strength 
level and thickness of the section. Variations of 
Ge, yield strength and net section stress with 
tempering temperature of A.M.S. 6434 sheet 
0.10 in. thick are shown in Fig. 6. 

A more extensive investigation of slow crack 
growth in Mellon Institute’s MX-2 steel (4137 
containing 1% Co and 1% Si) is now under way 
at Swarthmore College under the direction of 
Prof. S. T. Carpenter. Data from his first prog- 
ress report are shown in Fig. 7 and illustrate the 
slow growth of cracks under a constant crack 
extension force, G (distinct from critical crack 
extension force, G,), as a function of the num- 
ber of test cycles. It should be noted that the 
driving force which produced instability in less 
than two cycles was 100 in-lb. per sq.in. The 
critical crack extension force (G,.) for this ma- 
terial is 300 in-lb. per sq.in. The data indicate 
further that there is a driving force that can be 
tolerated almost indefinitely. 

The ability of a material to stop a crack from 
growing to catastrophic dimensions — its frac- 
ture toughness — decreases as the strength in- 
creases. At high levels of strength, the material 
will have less than optimum fracture toughness. 
It is therefore important that high-strength 
structures such as rocket motor cases be care- 
fully inspected during fabrication to eliminate 
flaws and that they be subjected to a minimum 
of pre-service stressing. 


*Irwin tangent formula is G, = 


where o is the gross stress 

W is specimen width 

E modulus of elasticity 
For simplicity of presentation, the G, values used 
in this discussion do not include an adjustment for 
plastic strain beyond the leading edge of the crack. 
See Irwin and Kies (p. 73) for a fuller discussion of 
this matter. 
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Sheet Alloys Graded by 
‘“Sharp-Notch Sensitivity” 


By G. B. ESPEY* 


Various high-strength sheets for tanks containing solid 

and liquid fuel for rockets are evaluated as to their tendency 

to fracture in a brittle manner. A specimen is used which has very sharp 
notches on its edges to simulate the action of cracks or crack-like flaws 

in operating components. (Q23s, Q26s; AY, 4-53, SGB-a) 


Earcy IN 1958, A MAJOR PROBLEM in the 
missile program was to obtain reliable tanks of 
high-strength steel for solid propellants. Flaws 
in welded vessels frequently caused brittle fail- 
ures at stresses only a fraction of the yield 
strength. A better understanding of the effects 
of discontinuities on high-strength materials 
was obviously needed, along with means of in- 
creasing toughness of the metal, and of reduc- 
ing the size of flaws in fabricated vessels. 

It has been known for many years that large 
sections of high-strength steels, normally ductile 
in the conventional tensile test, could fail in a 
brittle manner in service. Sachs and his associ- 
ates have shown that such brittle failures could 
be reproduced in cylindrical tensile specimens 
if they were sharply notched. This type of 
specimen proved to be a valuable tool for estab- 
lishing the influence of such variables as steel 


composition and heat treatment on the tendency 
toward brittle fracture in high-strength forging 
steels. We needed a similar test for investigat- 
ing high-strength sheet. 

Systematic studies by both National Aeronau- 
tics and Space Administration (N.A.S.A.) and 
Syracuse University lead to the sharp edge- 


notched test piece shown in Fig. 1. Used exten- 
sively today, it has recently been recommended 
as a suitable screening test by the A.S.T.M.’s 
Committee on Fracture Testing of High- 
Strength Sheet Material (A.S.T.M. Bulletin, 
February 1960). The tips of the two opposing 
notches are very sharp, having radii of 0.001 in. 
or less, and their total depth is 30% of the 
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width. This design yields a theoretical elastic 
stress concentration factor of about 17 and 
simulates the action of a severe crack-like flaw. 

An index of the resistance to brittle fracture 
is given by the ratio between the tensile 
strength of this specimen and that of the con- 
ventional tensile test piece, both being deter- 
mined for the same metal and testing condi- 
tions. This figure is called the “notch strength 
ratio”. If this ratio is unity or above, the alloy 
is said to be “notch ductile”. If the ratio is less 
than unity, the alloy is called “notch sensitive”, 
the degree of sensitivity increasing with de- 
creasing notch strength ratiot. If an alloy in 
sheet form is notch ductile, its notch strength is 
directly proportional to the tensile strength and 
the notched specimen does not show any possi- 
ble tendency to brittle fracture. On the other 
hand, notch sensitive materials may be rated 
simply by comparing their notch strength ratios 

*Research Engineer, Strength of Materials 
Branch, National Aeronautics and Space Adminis- 
tration, Lewis Research Center, Cleveland. This 
article is a rewritten version of a talk by the author 
at the & Golden Gate Conference in San Francisco, 
February 1960. The author is indebted to W. F. 
Brown, Jr., chief of the strength of materials branch, 
Lewis Research Center, N.A.S.A., for his assistance 
in formulating the manuscript. M. H. Jones, A. J. 
Repko, J. L. Shannon, Jr., and M. P. Hanson 
obtained much of the information presented. 

tIn some instances it may be desirable to com- 
pute the ratio between the notch tensile strength 
and conventional yield strength. A decrease in 
this ratio will also indicate the development of 
notch sensitivity. 
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Figure 1 — Edge-Notched 
Test for Fracture Tough- 
ness Used by N.AS.A. 
and Proposed by a Spe- 
cial A.S.T.M. Committee. 


The piece requires care- 
ful machining; tolerances 
are stringent; surfaces 
should be symmetrical 
with the center line with- 
in 0.001 in.; the root ra- 
dius is 0.001 in. maximum 


1.998 In. 


at equivalent tensile or yield strength. How- 
ever, this rating must be computed for sheets of 
the same thickness since the notch strength 
generally decreases with increasing thickness. 


Heat Treated Sheet for Rockets 


We have used the above test to determine the 
influence of heat treatment on the notch sensi- 
tivity (at 70° F.) of over a dozen steels and sev- 
eral titanium alloys which have immediate in- 
terest in the fabrication of casings of solid 
propellant missiles. It has often been found 
that small changes in the tempering or aging 
temperature will reduce notch sensitivity con- 
siderably with negligible sacrifice in the tensile 
and yield strength. Furthermore, the notch 
strength ratio directly compares the relative 
resistance to brittle fracture of a number of 
different alloys. 

Figure 2 shows some comparisons of this 


1.2 


nature. Because of the wide difference in den- 
sity between steel and titanium, the notch 
sensitivity has been shown as a function of the 
strength-to-density ratio, and the behavior of 
the titanium alloys has been represented as a 
band. This figure shows that the steel having 
the least notch sensitivity varies somewhat with 
the strength-to-density ratio. (The titanium 
alloys also exhibit this behavior but to a lesser 
extent.) A most important observation is that 
the titanium alloys at strength-to-density values 
above about 800,000 have better notch sensi- 
tivity ratios than the steels selected for compari- 
son, and this superiority increases rapidly as the 
strength-to-density ratio increases. 


Selecting Alloys 


Thus far, we have discussed the use of a par- 
ticular notched specimen for screening high- 
strength sheet alloys. It would, of course, be 


Four Titanium Alloys 


a-B Alloys 
3 Mo, + 
6Al,4V 
16 V, 2.5 Al 


B Alloys 
13. V,11 Cr, JA! 
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0.35% 
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Notch Sensitivity 


Figure 2— Relations of 
Notch Sensitivity to the 
Ratio, Yield Strength to 
Density, for Several Sheet 
Alloys, 0.063 In. Thick 
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Figure 3 — Influence of Carbon Content on Notch 
Sensitivity of Two Steels Tested at Room Tem- 
peratures. Oddly enough, notch sensitivity drops 
with rising carbon in 300 M while it rises in modi- 
fied H-11 (VascoJet 1000), both alloys air melted 


highly desirable if the results of such a test 
could be used for accepting or rejecting a given 
material for a particular component. 

This is a rather difficult problem and several 
concepts have been proposed. One is based on 
the quantitative analysis of fracture analysis, 
and is due to Irwin at the Naval Research Labo- 
ratory. Others are based on practical experi- 
ence, performance of components, and labora- 
tory tests on the materials of construction and 
on prototypes. All of these approaches involve 
certain assumptions whose importance is as yet 
poorly understood: 

First, it is assumed that the metallurgical 
surroundings of the crack in the actual struc- 
ture are essentially identical to those of the 
notch in the laboratory specimen. Second, it is 
assumed that differences in the loading condi- 
tions between the specimens and the structure 
are relatively unimportant — for example, that 
cyclic loading is not involved, bi-axiality has no 
effect as such, loading rate is not important, and 
so on. 

The approach by fracture mechanics has 
been outlined in the article by Irwin and Kies 
on p. 73. It is assumed that small, probably 
undetectable cracks are imbedded in the sheet, 
and that they propagate to the surface at very 
low applied stresses. When they reach the 


surface, they have a length — on the average — 
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VacoJet 1000 


260 120 
0.2% Yield Strength, 1000 Psi. 


140 


0.24% C \ \ 


160 180 


double the plate thickness. The criterion for 
acceptance is, then, that the material must have 
a Ke value* at least equal to that necessary to 
prevent catastrophic propagation of such a 
crack at the operating stress. It has been sug- 
gested that the specimen 1 in. wide (Fig. 1) is 
suitable for determining the Ke values, provid- 
ing the width-to-thickness ratio is at least 16 
and not greater than about 45. However, we 
feel that uncertainties in the analysis are re- 
duced if the width is increased and would pre- 
fer a specimen at least 3 in. wide for this pur- 
pose. Furthermore, we think that Irwin’s cri- 
terion should be used with caution because very 
little is known regarding the behavior of cracks 
imbedded in sheet. 

Empirical Criteria—It has been suggested 
that the notch strength of the specimen 1 in. 
wide should at least exceed the yield strength. 
A similar but more conservative criterion is that 
the sharp-notch tensile strength ratio be at least 
unity. The best that these criteria can offer is a 
measure of assurance that the structure will be 
safe in the presence of severe defects. This is 
indeed an important consideration; however, 
the users should insure that the notch in the 
laboratory specimen is at least as severe as any 
that will occur in a reasonably designed and 
fabricated missile tank. Experience shows this 
is probably true for the specimen shown in 
Fig. 1, but proportionally reducing the speci- 


*As defined in the article by Irwin and Kies, p. 
73, K is a measure of the extra stress existing at the 
leading edge of an existing crack, and K, is its 
value when the crack starts to grow catastrophically. 
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men’s size, decreasing the notch depth, or in- 
creasing the root radius will raise the notch 
strength. If such specimens are tested, the 
result may be that material which should be 
rejected is actually accepted. On the other 
hand, if the tank contains flaws considerably 
smaller than the total of notches in the speci- 
men (0.3 in.), these empirical criteria may be 
overconservative. 

Another criterion is the necessary but not 
sufficient condition that the appearance of the 
fracture be 100% shear when tested at the tem- 
perature of service. This seems to be independ- 
ent of the specimen’s size, if the fracture runs 
to four to five times the thickness of the sheet. 

We endorse the intelligent use of all these 
criteria as an aid to obtaining reliable tanks. 
However, it should be remembered that expe- 
rience in their use has been confined primarily 
to seam welded, single-layer casings for solid 
propellants. Whether or not they are equally 
applicable in selecting alloys for multilayer 
(wrapped) structures is not yet known. 

In general, it remains for designers, fabri- 
cators, and alloy producers to decide how much 
to limit the study of expensive models and full- 
scale items and to substitute laboratory testing 
and associated criteria such as those just men- 
tioned. At present we feel much more experi- 
ence is needed in correlating laboratory tests 
with performance of full-sized cases. 


Additional Work at Room Temperature 


Research is continuing on several problems 
directly related to solid propellant rocket cas- 
ings. Currently the N.A.S.A. and Naval Re- 
search Laboratory are engaged in a coopera- 
tive program to compare several types of 
notched specimens. Included are specimens 
1 in. wide with either sharp-edged notches, a 
fatigue center crack, or a shear-punched center 
crack, as well as specimens 3 in. wide with 
either sharp-edged notches, an “Eloxed” center 
slot, or a shear-punched center crack. All of 
these types will have a ratio, total notch length 
to width, of about 0.30. Several heat treat- 
ments of both steel and titanium alloys will be 
investigated. The data will be analyzed for 
nominal notch strength, the fracture toughness, 
Ke, and the characteristic fracture appearance. 
In this way, the relative suitability of each test 
for screening purposes can be evaluated, as well 
as the idea that the value of K, is independent 
of specimen type. 
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It has been suspected that the notch sensi- 
tivity of heat treated martensitic steels is 
strongly influenced by their carbon content. A 
systematic study of carbon effects in 300 M and 
modified H-11 has been completed. Typical 
results shown in Fig. 3 indicate that for 300 M 
the carbon content should be no higher than 
that necessary to obtain the desired strength 
level. On the other hand, in modified H-11, 
the notch sensitivity decreases with increasing 
carbon in intermediate strength ranges. How- 
ever, the curves cluster together toward high- 
est strength levels. 

At present, there is great interest in the effects 
of vacuum melting on high-strength steel. Many 
beneficial effects have been ascribed, particu- 
larly to consumable electrode vacuum remelt- 
ing. We are investigating this process (as well 
as induction vacuum and electron gun melting ) 
to find out whether or not the notch sensitivity 
characteristics of sheet material can be im- 
proved, these properties being distinct from the 
tensile strength. Thus far, the results indicate 
that consumable vacuum remelting of aircraft 
quality modified H-11 and 300 M steels de- 
creases the expected notch sensitivity very little 
at any strength level. 

We also feel that Irwin and Kies’ analysis is 
based on a number of assumptions which re- 
quire experimental verification, so we are study- 
ing the influence of notch length and specimen 
width in several materials at different levels of 
notch toughness. 

In sum, the major part of our remaining work 
at room temperature will be limited to refining 
our understanding of the various tests for eval- 
uating high-strength sheet alloys. 


Sheet Alloys at Very Low Temperatures 


Experience in this country has been limited 
largely to producing lightweight stainless steel 
or aluminum alloy tanks for LOX propellants at 
—300° F. Future large rockets will use liquid 
hydrogen at —423” F. and may require stronger 
sheet alloys. Spot welding has been extensively 
used in some cryogenic tankage and frequently 
the sheets are much thinner than in solid pro- 
pellant casings. Such differences in materials 
and fabrication techniques may require a dif- 
ferent approach to the problem of material 
selection and evaluation. 

As yet, we have only a limited knowledge of 
the causes of tank failures at cryogenic temper- 
atures. However, we believe that resistance to 
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brittle fracture is an important consideration, 
particularly if stronger alloys are to be used. 
Thus, we have continued to use the sharp-notch 
tensile test in our cryogenic program. 

Available information suggests that many 
alloys may be used at —423° F. However, lit- 
tle data are available for defining the relative 
suitability of existing alloys and for developing 
new ones. To help fill this gap, research in four 
interrelated areas is now in progress: (a) alloy 
composition, (b) strain strengthening (with or 
without thermal treatments ), (c) impairment of 
strength by welding, (d) testing of small tanks. 

Studies of various commercial alloys were 
started in mid-1958 and directed to the sharp- 
notch characteristics of cold rolled stainless 
chromium-nickel Types 301 and 304L. Typi- 
cal data are given in Fig. 4, which shows the 
influence of cold rolling (at room temperature ) 
on strength at room and cryogenic tempera- 
tures. As might be expected, the yield strength 
of both alloys at all test temperatures increases 
with increasing reduction in rolling. (This 
effect is more pronounced in Type 301 because 
martensite forms in this composition during 
“cold work” ). 

A most interesting observation is that the 
ratio between sharp-notch strength and yield 
strength falls rapidly in Type 301 at reductions 
above 60%. It will further be noted that at all 
reductions, notch sensitivity becomes more pro- 
nounced as the test temperature decreases. In 
contrast, the notch-to-yield ratio of Type 304 L 
is fairly stable. This indicates that stable aus- 
tenites, heavily cold worked, may be good ma- 
terials for cryogenic rocket tanks. 

Yield strength of cold worked alloys, particu- 
larly in compression, is often improved by stress- 
relief, and we are studying this influence on the 
sharp-notch sensitivity of these two stainless 
steels. Tests at —320° F. indicate that stress- 
relieving at 400 to 500° F. for 24 hr. increases 
the tensile yield strength about 5%, with essen- 
tially no effect on the notch sensitivity. How- 
ever, lengthy stress-relieving between about 
600 and 900° F. can embrittle both alloys*. 

More recently, the studies have been ex- 
tended to aluminum, titanium, and nickel-base 
alloys at —423° F, and typical results are given 
in Table I. 

The aluminum alloy 2014-T 6 and A.1.S.I. 301, 


*Eprror’s Note—This is a dangerous range for 
many high-chromium stainless analyses, as well. 
See M. A. Scheil’s article in Metal Progress, April 
1960, p. 104. 
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A.1.S.1. 301 Steel 
Test Temp. 
0+75° F. 
4-320° F. 
0-423° F, 
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Figure 4—Influence of Rolling Reduction 
and Test Temperature on the Tensile Yield 
Strength and Ratio Between Notch Strength 
and Yield Strength for Two Stainless Steels. 
The ratio, notch-to-yield, of Type 301 de- 
creases rapidly above 60% reduction at 
all test temperatures. No such effect of 
high reduction is observed for Type 304 L 


60% cold rolled, are typical of alloys now com- 
monly going into LOX tankage. It will be noted 
that, at —423° F., their ratios of yield strength 
to density are less than 1,000,000 and their ratios 
of sharp-notched strength are above 0.65. Cold 
rolling Type 301 to 70% increases the first ratio 
to slightly over 1,000,000 but the second drops 
to 0.53. 

A small amount of information available for 
one heat of Inconel “X” indicates that this cold 
worked nickel-base alloy may have considerable 
potential, being completely notch ductile 
(1.02). Heat treating at 1300° F. did not raise 
the yield strength at —423° F. but did decrease 
the notch sensitivity. (It should be remem- 
bered that Inconel “X” is a high-temperature 
alloy; as far as we know no nickel-base alloys 
have yet been designed for cryogenic service. ) 

We have recently completed a rather exten- 
sive study of the cryogenic properties of tita- 
nium alloys. The data indicate that either the 
annealed or overaged conditions possess the best 
combination of strength and notch toughness. 
Very high ratios, yield strength to density, char- 
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Table I — Typical Longitudinal Tensile Properties (Smooth and Sharp-Edged Notch) at —423° F. 


NotTcH 


| Yew CH Notcu StrencTu 

BASE R.A. HEAT Tuick- | STRENGTH |STRENGTH + TENSILE 
ALLOY ° + Den sreenc 

METAL AT 75° F. | TREATMENT NESS + Density | * ENGTH 

6  |STRENGTH 

x 10 (*) 
Stainless | A.I.S.I. 301 60 None | 0.063in.| 091 | 089 | 0.73 
70 None 0.063 1.18 | 059 | 0.53 
A.LS.I. 304L 60 None 0.063 0.75 1.03 | 0.83 
Aluminum | 2014-T 6 0 340° F. age | 0.125 0.79 0.76 0.67 
Nickel Inconel “X” 50 None 0.063 0.75 1.10 1.02 
50 1300° F. 0.063 0.76 1.06 0.89 
Titanium | 6Al,4V 0 Anneal 0.063 1.70 0.41 0.39 
4 Al, 3 Mo, 1 V 0 Anneal 0.063 1.53 0.36 | 0.33 
5 Al, 2.5 Sn 0 Anneal | 0.063 1.60 0.41 | 0.40 
13 V, 11 Cr, 3 Al 0 Anneal | 0.063 1.92 (+) | 0.24 


* Notch sensitivity. 


acterize these alloys — nearly 2,000,000 for 13 
V, 11 Cr,3 Al. (See Table I.) However, their 
notch sensitivity is much poorer than for the 
other materials. We feel that this may be cor- 
rected by lowering the interstitial elements, and 
strengthening the alloys by cold work. 


Future Needs 


In the past, engineers have centered their 
attention on existing alloys. Recent requests 
to the N.A.S.A. properly reflect an increasing 
desire on the part of producers to plan for the 
future, and guide lines are necessary to indicate 
the properties which will be of interest to the 
fabricators. These guides are difficult to formu- 
late with any certainty. Ideally, only a few 
easily determined ones should be involved; 
furthermore, current developments in design 
and fabrication should be taken into account. 

The information given in Table II attempts 
to anticipate this situation. The figures repre- 


{ Broke before reaching 0.2% strain. 


Table If — Approximate Mechanical Properties Desired in New 
High-Strength Sheet Alloys for Rocket Tanks 


sent definite improvement over what is now 
commercially available — especially the ratio 
yield strength to density, and the notch sensi- 
tivity probably necessary to yield reliable per- 
formance without requiring very expensive 
fabrication techniques. It will be noted that 
heat treated steels have been excluded from 
cryogenic applications, since they are likely to 
be very notch sensitive at the desired strength. 
Exclusion of strain strengthened titanium alloys 
indicates only that we have insufficient informa- 
tion about them at this time. 

It is realized that the very important factors 
of weldability and formability have not been 
incorporated in Table II; however, we know of 
no way of easily spelling out such requirements 
except to say the alloys should permit fabrica- 
tion by seam welding or a combination of seam 
and spot welding. Furthermore, the welding 
or forming operations should not produce em- 
brittled zones in the parent metal. rs] 


SoLip PROPELLANTS AT 


Liguip PROPELLANTS 


Room TEMPERATURE 


At —320° F. At —423° F. 


HEAT HEAT 


| STRAIN*® 


HEAT 


| TREATMENT*® | TREATMENTs | 
Ratio of yield strength to density | | 
Steel 850,000 | 1,200,000 _ 1.200.000 — 1,200,000 
Titanium 1,000,000 | 1,400,000 1,400,000 
Ratio of sharp-edge notch strength to tensile strength 
Steel and Ti 0.80 | 0.60 0.80 0.70 0.80 0.70 


* Primary strengthening by heat treatment or strain, as indicated. 
{Measured by the test procedure described in A.S.T.M. Bulletin, February 1960. 
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A Bend Test for Toughness 


By DEAN K. HANINK and GEORGE R. SIPPEL* 


A simple, inexpensive, and convenient bend test gives results 

consistent with those obtained by the elaborate center-crack test 

for fracture toughness. It has aided in the selection of 

proper alloys and treatments, and the results may be analyzed statistically 
and applied as a quality control measure during processing. 


To INSURE PROPER USE of any specified 
alloy, a substantial amount of thorough metal- 
lurgical testing is needed. Broadly, four fac- 
tors — reliability, producibility, cost, strength- 
to-mass ratio — must be considered in selecting 
the correct alloy for a missile part. Eventually, 
special considerations (such as size, configura- 
tion, or operational environment) will narrow 
the selection still more. 

At Allison Div. of General Motors Corp. we 
were faced with this problem. Since we had 
some necessary background information (such 
as tensile strength, notch sensitivity, fatigue, 
and the standard physical data) on several 
alloys, we at least had a start. 

Many investigations have shown that all of 
the steels listed in Table I can be heat treated 
to tensile strengths of 270,000 to 300,000 psi., 


*Mr. Hanink is chief metallurgist, aircraft engine 
operations, and Mr. Sippel is assistant plant metal- 
lurgist, research, in Allison Div., General Motors 
Corp. The paper is an adaptation of one presented 
at @ Golden Gate Metals Conference, San Fran- 
cisco, February 1960. 
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with minimum yield strength at 0.2% offset of 
240,000 psi. However, these mechanical prop- 
erties are only a part of the information needed 
for selection. Among other items, the alloy 
must be able to resist initiation of a crack at any 
discontinuity, and also resist the further propa- 
gation of such a crack once started. 

The practical application of this strength- 
limiting property of a metal has influenced both 
the study of its capability and the quality con- 
trol procedures. 


Crack Propagation Tests 


The Griffith-Irwin theory, as outlined in the 
article on p. 73, is the basis for most of the 
crack propagation tests now in use, and a num- 
ber of tests have been designed in conformity 
with it. (See the Data Sheet, p. 100-B.) Each 
determines some relationship between the re- 
sistance to crack initiation and its propagation 
in the material with its behavior under high 
stress. The fabricator logically examines all of 
these tests with interest in choosing the proper 
grade of steel, and also considers the possibility 
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Table I — Steels for Large Rocket Motor Cases 


- 
COMMON 


| 
St | Mn | Cr | Ni | Mo} 


- 
| P (Max.) | S (Max.) 


DESIGNATION \ 

X-200 0.40 | 1.50 | 0.85 | 2.00 - 0.50 | 0.05 0.03 | 0.03 
H-11 0.40 | 0.90 0.30 | 5.00 130/050; 0.03 | 0.03 
300 M 0.40 | 1.60 | 0.75 | 0.85 | 1.85 | 0.40 | 0.08! 0.03 0.03 
D 6* | 0.46 | 0.25 | 0.75. 1.05 | 0.55. 1.00 0.08 | 0.025 0.025 
S.A.E. 4340+ | 0.40 | 0.25 0.75. 0.80 | 1.80 | 0.25 0.040 0.040 
A.M.S. 6434 | 0.36 0.27 | 0.70 | 0.80 1.80 0.35 | 0.20 0.040 0.040 


* Allison E.M.S. 65030. tA.M.S. 6412. 


of applying this theoretical approach in plan- 
ning the necessary quality control. 

Tensile yield strength and G. (both at room 
temperature) for the well-tried alloys of Table 
I are shown in Table II. (Ge is the strain-energy 
release rate for unstable crack propagation. ) 
The data used to compile this table clearly show 
an expected scatter. This may reflect the 
laboratory procedure, or may simply be caused 
by variations between different heats of the 


Fig. 1—Instrumented Bend Test and 
Equipment. As the bar bends under load, 
both stress and time are recorded. The 
bend parameter is calculated from this data 


Load 
Yie-In. Radius 


Ye In. 
Support Pins - 


Specimen 
0.250 In. Dia. 


0.052 x 0.700 x 1.5 In. 


Strain Gage 
Load Cell 


Table II — Fracture Toughness of 


Thin Sheet 

X-200 194,000 psi. 800 
H-1] 250,000 50 
205,000 1200 

300 M 190,000 550 
D6 205,000 3000 
A.M.S. 6434 | — 207,000 975 
211,0004 275 


*In-lb. per sq.in. at room temperature. 
+Transverse test; all others were tested 
longitudinally. 


same composition. However, from such infor- 
mation we can conclude that: 

* Crack propagation tests can differentiate 
between steels of similar composition and 
tensile properties. 

* The sensitivity of the test accurately eval- 
uates the anisotropy of the material. 

* Such testing may provide suitable quality 
control and govern usable strength levels. 

* The effect of processing variables involved 
in fabrication operations (such as forging, flow 
turning, deep drawing, sheet rolling, welding, 
and heat treatment ) can be evaluated. 

Certainly, the reliability of the motor case 
we want to build must be tied in detail to lab- 
oratory controls through a complete and com- 
prehensive list of specifications from raw billet 
to the finished article. 


Simple Test Needed 


Since the ability of the steel to resist pre- 
mature fracture is so fundamental, it warranted 
a study of methods for crack propagation. 
Among other things, this program was con- 
cerned with the cost of preparing the samples 
and making the tests. Furthermore we be- 
lieved that the stress pattern imposed upon the 
test piece should be typical of bi-axial stresses 
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Fig. 2—Typical Record From Bend Test. 
Values for bend parameter are calculated 
from P, (the stress when cracks first appear) 
and P,, (the maximum stress), and it is a 
measure of the resistance to crack propagation 


in pressure vessel walls, and the laboratory tests 
should correlate with results on actual pressure 
vessels. 

Though the tests listed in the Data Sheet in 
this issue of Metal Progress are very informa- 
tive, the cost of preparing the samples and the 
inconvenient size of samples taken from actual 
pressure vessels prompted us to seek a con- 
venient and less expensive test. The instru- 
mented bend test shown in Fig. 1 is the result. 

Small, unnotched and rectangular (0.052 x 
0.700 x 1.5 in.), this coupon is bi-axially stressed 
to failure by bending as a simple beam. It is 
supported at two elements | in. apart by 1%4-in. 
rounds and loaded through a \%-in. round at 
the center. 

Such samples can easily be obtained from 
small as well as full-scale rocket motor cases 
after burst testing. Attention is directed to the 
width-to-thickness ratio of about 14; this pro- 
vides an adequate 2:1 bi-axial stress area ap- 
proximately 0.5 in. wide. All specimens are 
ground to the finished dimensions without 
breaking any sharp edges. The surface finish 
is not critical as long as grinding burns are 
avoided and the normal surface finish ranges 
from 10 to 20 rms. No mechanical notches or 
cracks of any kind are necessary. 

All components of the bend test fixture are 
made from toolsteel, hardened and tempered 
to Rockwell C-60. The rate of deflection is 
maintained constant at a crosshead speed of 
0.5 in. per min., although a range of 0.5 to 2.00 
in. per min. can be tolerated. The load on the 
specimen is sensed by a strain gage cell of 


Fig. 3—Bend Parameters Compared With 
Values Obtained From Center-Crack Test Used 
by Naval Research Laboratory. The curves 
have the same trend. Alloy: VascoJet 1000 
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1000-Ib. capacity placed between the bend test 
fixture and the lower platen of the tensile ma- 
chine; its output is fed into a strain gage ampli- 
fier and recorder. It is important that the 
recorder pen respond rapidly enough to track 
the load on the specimen without any lag. A 
recorder of oscillographic type with a fre- 
quency response of 60 cycles per sec. or higher 
is recommended. Thus, the recorder chart fur- 
nishes a continuous record of load as a function 


Uniaxial Tensile Test 


300 


Tensile Strength (Read Left) 


Strength, 1000 Psi. 


NRL Center Crack Tensile Test 


Net Fracture Stress 
(Read Right) 


Bend Parameter, Psi. x 1000 


Gc, In-Lb. per Sq.in. x 10; Shear % 


(Read Left) 
Bend Parameter 
(Read Left) 


600 700 800 900 1000 


Tempering Temperature, °F. 
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Strength (Read 


220 > 10 
Elongation (Read Right)—~ 5 


2 


x 1000 


Net Fracture Stress, Psi. 


Time—~ 
: 320 
| 
260 
100 200 
80 160 
|__| 120 
80 
Ge (Read Left) 2 
= > Percent Shear 40 
0 
1100 


of time during the test. Fig. 2 illustrates a 
typical record of an instrumented bend test 
on a high-strength steel heat treated to 197,000- 
psi. yield strength. Fig. 3 shows that the graphs 
obtained from such records have the same 
trends as graphs from more elaborate tests. 

The curve in Fig. 2 is a typical record. The 
load is increased to a maximum value P,, and 
then it decreases at a relatively slow rate until 
suddenly a very rapid change begins, noted at 
P,. (This latter point cannot be identified ac- 
curately in soft steels.) Actual loads P,, and 
P, are used to compute the maximum stresses 
,, and o; in the outer fiber by the conventional 
beam formula. The value o,,—0; is the “in- 
strumented bend test parameter”, and it meas- 
ures the highly localized stress in the outer fiber 
due to slow progression of a crack. 


Pressure Vessel Reliability 


The metallurgist, through his selection of an 
alloy and its processing, has an important role 
in assuring the reliability of pressure vessels. 
Tests for checking the quality of the parts at 
various steps during fabrication must therefore 
be reproducible and appraised in the light of 
test data from actual vessels. For example, a 
quality control test must be exacting enough 
to discriminate between an alloy produced as 


a special vacuum melt and one produced by a 
high-quality air melt. The instrumented bend 
test seems to accomplish this very efficiently, 


Fig. 4 — The Bend Test Can Distinguish Be- 
tween Various Conditions of the Same 
Grade of Steel (D6-A for These Curves). 
The vacuum melted alloy, as-forged, has 
the greatest resistance to crack propagation 


Vacuum Melt Sheet 
Air Melt Forging 


40 
~—Air Melt Sheet 


600 700 800 900 1000 1100 
Tempering Temperature, °F. 


as demonstrated in Fig. 4. It furthermore dif- 
ferentiates between forged material having 
cross-worked grain and conventional hot rolled 
sheet, even if both originate in the same heat 
of steel. 

Such a test can be applied early in the game 
— for example, when the metal is in ingot form 
and a portion of it must be forged into a coupon 
for test samples. Tests can also be conducted 
on samples removed from forgings in the an- 
nealed condition before rough machining. Such 
additional testing determines whether the hot 
working and other procedures are satisfactory. 

The entire reliability picture finally resolves 
itself into determining the narrow limits for 
proper heat treatment while balancing the 
strength of the metal against its resistance to 
crack propagation. Obviously, the acceptable 
heat treatment should be coordinated with a 
test of actual pressure vessels. For example, 
a pressure vessel which has a burst strength of 
290,000 psi. may seem superior to a pressure 
vessel whose burst strength is only 248,000 psi. 
However, the “stronger” one may fail prema- 
turely because it has low resistance to crack 
propagation and this should reject it immedi- 
ately — at least for this particular use. Again, 
as the bend test parameter (or crack propaga- 
tion resistance) goes down in a given alloy 
tempered at a lower temperature, the actual 
burst strength of some vessels may go to a very 
high value. However, it may also be extremely 
low in other vessels because of hidden defects 
creeping in during manufacture. 

Therefore, it becomes necessary to use pres- 
sure vessel data with discretion as they relate 
to the specific alloy under test. The spread in 
results (including the minimum result) of a 
series of tests is the important factor, not simply 
the average or the maximum result. Such a 
philosophy must always prevail in the construc- 
tion of missiles and does not depart from a 
philosophy which has applied to aircraft bear- 
ings, which until recently were always rated 
statistically rather than according to a mini- 
mum acceptable life. 

We have attempted to describe here one ap- 
proach in a determined, and so far successful, 
program for controlling the metallurgical qual- 
ity of a critical component for rockets, the 
motor case. The test procedure is presented be- 
yond the strict quality control aspect to indicate 
how it can be used to emphasize the importance 
of statistical analysis of tests to appraise a given 
alloy at a high strength level. 
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The How and Why 


of Microhardness Testing 


This testing method, which is in common use in many laboratories, 
may become a useful industrial tool. This is a comprehensive report 


By VINCENT E. LYSAGHT* 


on the characteristics and the limitations of the 
two most important types of microhardness tests, 


MicroHARDNESS TESTING is nor- 
mally not considered a_ production line 
technique, it can be definitely and directly 
associated with quality control of material. 
Relatively new, but important, the technique 
has many applications in the metalworking in- 
dustry. Because of this, the metallurgist should 
be familiar with the process. 

To begin with, it might be well to review the 
definition of hardness as it is generally accepted. 
In general terms, hardness is “the resistance 
to permanent indentation by an indenter of 
fixed size and shape under a known load”. Not 
being a fundamental property of a material, 
hardness is dependent upon several basic prop- 
erties. Thus, the designation has no quanti- 
tative meaning except in terms of a particular 
test in which the size and shape of the indenter, 
the indenting load, and other pertinent condi- 
tions are specified. 

The term “microhardness testing” itself will 
need further clarification. To begin with, the 
name is misleading since it is actually used to 
refer to small indentations, not low hardness 
values as it would indicate. Far more correct 
would be the designation “micro-indentation 
hardness testing”. However, despite the con- 


fusion which it could cause, the term “micro- 
hardness testing” has been generally accepted. 
Therefore, we will continue to use it. 
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the Knoop and the diamond pyramid hardness methods. (Q29q) 


Types of Microhardness Testers 


Though microhardness testers fall into two 
general classifications — those representing the 
scratch method and those operating on the 
indentation principle — the latter method seems 
to be applicable for most testing because the 
test conditions can be more easily controlled. 
Apparatus for testing employs light loads along 
with mechanisms for accurate measurement 
of the small indentations which are produced. 
These instruments require a high degree of ac- 
curacy. The applied load must be carefully 
selected and known, there should be no over- 
loading due to inertia effects and vibration, and 
friction should be reduced to a minimum. 

Two types of microhardness testers are avail- 
able today. One operates through the direct 
application of load by dead weight or weights 
and lever, while the other employs springst for 
load application. 


*Wilson Mechanical Instrument Div., American 
Chain & Cable Co., Inc., New York. This is the first 
of a two-part article. The second part, which 
will be published next month, discusses applica- 
tions, both in research and in industry. 

tSpring-loaded testers, which include the Leitz 
Durimet and the Eberbach, are, in reality, attach- 
ments to a bench microscope. Along this general 
line is the Zwick, a unit which includes dead 
weights and is manufactured in Switzerland. 
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The Tukon tester is in the first group. It 
employs a counterbalance beam with the in- 
denter attached to one end of the beam, and a 
weight hanger suspended between the indenter 
and knife edge. Several different designs of 
this machine are available; they vary according 
to the load range and the amount of testing to 
be performed. To give readers an idea of the 
mechanical operation, a typical Tukon tester 
(shown in Fig. 1) will be described. 

This tester applies a load of from 1 to 1000 g. 
and is designed to accommodate either the 
Knoop diamond indenter or the 136° diamond 
pyramid indenter. Loads from 1 to 100 g. are 
applied directly to the top of the indenter. 
When over 100 g., loads are applied by a lever 
arrangement. 

To save time in operation, a novel setup is 
used. The indenter drops quickly from its posi- 
tion (after the surface of the material being 
tested is brought into focus with the micro- 


scope) to within 0.010 in. of the specimen’s sur- 
face. An auxiliary lever then controls load ap- 
plications at the desired (much slower) rate of 
speed. 

Loading rate should be about 1 mm. per min. 
or less. The contact period can vary from about 
5 sec. for heat treated steels to 15 sec. for soft, 
nonferrous metals such as copper. Longer 
periods must be allowed for plastics and other 
materials which flow considerably. 

Sources for instrument error include inaccu- 
racy in loading, vibration, rate of load applica- 
tion, duration of contact period, and impact. 
To limit the shock which can occur when the 
operator removes the load (this generally raises 
havoc with indentations made with light loads), 
an additional lever is employed. After the load 
has been applied for the proper time, this lever 
smoothly picks the indenter out of the impres- 
sion. Thus, the operator does not need to 
touch the tester while the load is being applied 


Fig. 1— This Is a Typical 
Tukon Tester. Many labo- 
ratories use this type of 
equipment to determine 
hardnesses of thin sheets, 
wires, and constituents of 
microstructures. Loads of 
1 to 1000 g. are used, 
and the resulting impres- 
sions are very shallow 
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and removed. Through one method or another, 
all microhardness testers are equipped to mini- 
mize errors. Effectiveness of these designs will, 
of course, vary from one unit to another. 
Essential to the testing apparatus is the 
movable stage which supports the workpiece. 
The indentation must be in a selected area, 


usually limited to a few thousandths of a square 
millimeter. In testing, the required area is first 


located by microscope. Then, the stage is 
moved under the indenter, the indentation is 
made, and the specimen is returned to its orig- 
inal location under the microscope lens so that 
the dimensions of the indentation can be deter- 
mined. The stage permits the specimen to be 
moved with such precision that the indentation, 
often invisible to the naked eye, is positioned in 
the exact center of the field. 

The stage is also provided with two microm- 
eter screws at right angles to each other so that 
a row, or even a network pattern of impressions, 
can be made with very accurate spacing. 


Optical Equipment 


Optical equipment used in microhardness 
testers for measuring the indentation must 
focus both ends of the indentation at the same 
time, as well as be rigid and free from vibration. 
Lighting also plays an important role. Com- 
plete specifications of measurement, including 
the mode of illumination, are necessary in 
microhardness testing techniques, according to 
J. R. Benford of Bausch & Lomb. Polarized 
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Operating 
Position 


Fig. 2—The Knoop Indenter With Its 
Long Impression Is Shown on the Left; 
the Other View Is of a Diamond Pyramid 
Hardness Indenter. Hardness numbers in 
both systems are in units of kg. per sq.mm. 


light, for example, results in definitely larger 
measurements than does unpolarized light. 
Apparently, this is caused by the reversal of 
the diffraction pattern; in other words, the im- 
pression appears brighter than the background. 
Therefore, in recording Knoop data, Benford 
recommends not only the recording of the 
objective data, but also the relative aperture 
illumination and the relative offset of aperture 
when oblique illumination is used. 

In the microscope, indentations generally 
appear as dark areas in a lighter field. Opti- 
cally, it is probable that impressions are under- 
estimated because of this “irradiation” or “un- 
radiation”. Thus, a dark spot in the light field 
appears smaller than it would appear in a dark 
field. (This phenomenon is referred to as an 
optical illusion.) In consequence, the apparent 
error is inversely proportional to the size of 
the indent. 

Dry objectives having the highest resolving 
power available are generally used; oil im- 
mersion objectives may be necessary under 
some conditions. Several investigations have 
fixed an accuracy of +0.3 micron ( oil immersion 
lens) on the measurement of the impression, 
although an observer can compare differences 
in size between two impressions to +0.1 micron. 
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For dry lenses, with the highest numerical aper- 
ture which can be used, an accuracy of +0.5 
micron has been established. Also, the same 
observer can compare differences between two 
specimens to +0.2 micron accuracy. 

It should, however, be added that consider- 
able experience and care are necessary to obtain 
this accuracy. In our Wilson laboratory, we 
use 50 x dry objectives with a numerical aper- 
ture of 0.85 to measure indentations in the 20- 
micron range. Accuracies of 0.5 micron are 
easily obtained at that magnification. An expe- 
rienced operator can repeatedly measure lengths 
to well within half this tolerance. 


Calibration of the Optical System 


It is necessary to calibrate the optical system 
with greatest care. Of necessity, a stage mi- 
crometer with a high degree of accuracy is 
required. Calibration must include the com- 
plete optical system used with the filar microm- 
eter eyepiece locked in place as it would be 
during actual measurement. Also, the stage 
micrometer should be accurate to at least 
+0.1 micron. Measurements of the indenta- 
tions are generally made with a filar microm- 
eter eyepiece with magnification of 10 to 12.5. 

Attempts have been made to read directly in 
microns through the filar micrometer eyepiece, 
and interpolate with factors which vary with 
different objectives. While there is no question 
about the advantages of such a system, insofar 
as arithmetic is concerned, such simplification 
is done at the expense of accuracy. 

Even under the best of conditions, accuracy 
is only in the neighborhood of +0.5 micron. 
Any short cuts might introduce more error and 
are not generally recommended. Certainly, it 
would be nice to be able to read the length of 
the indentation directly in microns or a fraction 
of a micron, but the accuracy required leaves 
this system open to serious question. 


The Indenter 


Two types of indenters, the Knoop and the 
136° diamond pyramid, are generally used in 
microhardness testing (see Fig. 2). Though the 
former has achieved considerable prominence 
in the United States, Europeans primarily rely 
on the 136° diamond pyramid indenter for their 
tests. 

The Knoop indenter, developed by the Na- 
tional Bureau of Standards* in 1939, is made of 


*Specifications for their Knoop indenters can be 
found in N.B.S. Circular Letter LC-819. 
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diamond, and is ground to a pyramid form that 
produces a diamond-shaped indentation having 
long and short diagonals of approximate 7:1 
ratio. Indentation depth is about 1/30 of the 
length. The Knoop indentation number is the 
ratio of the applied load to the “unrecovered” 
projected area. 

The 136° pyramid indenter, also made of 
diamond, is a square-base pyramid having in- 
cluded angles of 136° between faces. Facets 
are highly polished, and free from surface 
imperfections. The point is sharp, and the 
angle between faces must be accurate to within 
+30 min. 

The 136° diamond pyramid number, often 
designated as DPH, is the quotient of the ap- 
plied load divided by surface area of the 
impression. The DPH is in units of kg. per sq. 
mm. as are the Brinell and Knoop hardness 
numbers. However, the values for the three 


.systems do not agree because of differences in 


applied loads, penetrator characteristics and 
variations in the mathematical formulas used to 
calculate the numbers. In general, diamond 
indenters indicate higher hardnesses than the 
other methods because, among other things, 
the diamond used in such indenters deforms 
less than the hardened steel and tungsten car- 
bide used in Brinell balls. 

Where an appreciable amount of work has to 
be done, nomographs are easily prepared. By 
referring to these, the hardness number can be 
obtained directly from the filar ocular readings. 
This should shorten the testing time appreci- 
ably. Another important point: As the indent- 
ing load is decreased, the effect of tolerance or 
offset in both types of indenters becomes more 
and more important. For example, LC-819 of 
the National Bureau of Standards does not per- 
mit an offsett (on Knoop indenters) which ex- 
ceeds 3 microns. When tests on hardened steel 
are made with loads under 100 g., the length 
of the indentation is less than 40 microns. 
Thus, an offset of 3 microns would introduce 
a small error in the results. With a load of 25 g., 
this error becomes appreciable. With the dia- 
mond pyramid indenter, a load of 100 g., the 
diagonal is only 15 microns long in hardened 
steel. As the load is reduced, it can be readily 
seen that the effect of the offset becomes more 
and more appreciable. 


+ Offset is defined as the length of the line inter- 
section of opposite plane faces of the indenter 
caused by the failure of all four plane faces to 
intersect at a point. 
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Fig. 3— Hardness Values 
Are a Function of the 
Test Load, Particularly 
for the Knoop Indenter. 
This illustration shows 
the general shapes of the 
load dependence curves 
for both types of indenter 


Knoop or Diamond Pyramid 
Hardness Numbers 


Another problem is damage. Diamond is a 
brittle material, and diamond indenters should 
be carefully examined to make certain that the 
edges have not become nicked, dulled, or that 
the diamond itself is not broken. 

Though the major portion of elastic recovery 
occurs along the shorter diagonal of a Knoop 
indentation, elastic recovery in the long diag- 
onal cannot be ignored. This is another discrep- 
ancy which might be eliminated if there were a 
method for measuring the depth of the indenta- 
tion under load, rather than its length. This 
has been accomplished in the laboratory, but 
much remains to be done to obtain precision 
apparatus which will accurately determine 
depths at such light loads. 

As a sidelight, it is well to remember that 
the most successful method for hardness de- 
termination by depth measurement has been 
the Rockwell tester. Important in this test is 
the minor load, which is a preload. It also 
remains on the impression (after the major load 
is removed) to keep the penetrator at the bot- 
tom of the indentation. Often, the minor load 
is merely considered to be of value because it 
minimizes the effect of surface conditions. It 
also gives an exact starting point for depth 
measurement, a much more important function. 


Surface Preparation 


The surface of the material to be tested must 
first be properly prepared. Generally speak- 
ing, surfaces must be lapped to a plane and free 
from scratches. For loads of 100 g. or less, 
samples should be prepared as for metallo- 
graphic examination. Either mechanical or 
electrolytic polishing methods can be used. 
Care must be taken to avoid prolonged etching 
which could result in a pitted surface. Elec- 
trolytic polishing is useful in that it removes 
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effects of previous mechanical polishing. How- 
ever, the surface should not be wavy, as some- 
times happens with this type of polishing. 
Investigations have shown that hardness 
numbers obtained with light loads on an elec- 
trolytically polished surface are generally lower 
than values on mechanically polished surfaces. 
Metals and alloys in the lower hardness ranges 
are more greatly affected; no significant differ- 
ences have been observed between mechan- 
ically and electrolytically polished sections on 
hardened material such as heat treated steel. 
However, this is not a simple problem. It is 
hard to pinpoint differences between the hard- 
nesses of two polished surfaces as being due to 
cold working or chemical change in the speci- 
men. This entire problem needs further inves- 
tigation. Other factors which might be men- 
tioned are the orientation (either crystalline or 
mechanical ) of the material, directional proper- 
ties due to cold work, and local hardness varia- 
tions. Each of these requires a special study 
of the various factors involved. ’ 


Hardness Number Depends on Load 


Prior to the advent of the microhardness 
tester, it had been assumed that the 136° dia- 
mond indenter (as well as other indenters giving 
geometrically similar impressions) produced a 
hardness number which was independent of the 
indenting load. Speaking very generally, this 
can be accepted for loads of 1 kg. and up. 
However, microhardness testing (performed 
with loads of 500 g. or lighter with the Knoop 
indenter, and 100 g. or lighter with the diamond 
pyramid indenter) is a function of the magni- 
tude of the test load. In most instances, micro- 
hardness values (particularly Knoop values) de- 
crease with increasing load, as Fig. 3 illustrates. 

Some observers have (Continued on p. 122) 
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A Practical Technique 
for Welding Gun Metal 


By L. A. DEPUE 
and W. A. PENNINGTON* 


Strong welds with low porosity can be made by using uncoated phosphor bronze 
electrodes which contain 0.3 to 0.45% phosphorus. (Klg; Cu-b) 


Gon METAL, also known as Government 
bronze, zinc bronze, Composition G bronze 
and admiralty gun metal, has wide naval and 
industrial applications because of its strength, 
toughness, bearing qualities and castability. 
The alloy, which contains 86 to 89% Cu, 7.5 
to 9% Sn and 3 to 5% Zn, is also highly resistant 
to sea-water corrosion. 

A practical are welding method for gun 
metal is definitely needed. Welds produced by 
current methods are of low strength and are 
characterized by gas porosity, oxide contam- 
ination, poor fusion and cracking. Thus, repair 
of minor casting defects by welding, although 
permitted by Navy specifications, is seldom 
practiced. 

The purpose of the work described here was 
to develop an arc welding technique which 
would prove practical for repairing castings of 
gun metal and similar alloys. The results indi- 
cate that satisfactory welds can be made with 
uncoated phosphor bronze electrodes which 
contain 90% Cu, 10% Sn and 0.3 to 0.45% P. 
Electrodes of this composition overcome the 
need for coatings which are themselves a 
source of defects in weldments. 


Weld Defects 


One of the serious obstacles to making good 
welds on gun metal is the high conductivity of 
the alloy. Heat is carried away so fast from the 
weld area that only a small puddle can be 
maintained. When electrodes with nonmetallic 
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coatings are used, the result is a considerable 
number of flux inclusions in the weld metal. 
Another disadvantage stems from the high 
zinc content of gun metal. Zinc boils at 1680° 
F. which is considerably below the temperature 
of the electric arc. Volatization of zinc during 
welding produces a large amount of gas poros- 


ity, and the oxide formed often coats the work 
ahead of the arc, thus preventing complete 
fusion. These factors explain why electrodes 
of copper-tin-zinc alloy —ideal for matching 
the composition of the plate — have been found 
impractical. 


Electrode Composition Evaluated 


To develop an improved welding process for 
gun metal, test welds were made on cast plates. 
First to be evaluated were commercially avail- 
able aluminum bronze (90% Cu, 10% Al) and 
phosphor bronze (95.2% Cu, 4.6% Sn, 0.2% P) 
electrodes used in naval activities. When this 
study had been completed, a program of elec- 
trode development was added to the investiga- 
tions. Eight heats of phosphor bronze elec- 
trodes containing about 89.5% Cu, 10% Sn and 
from 0.03 to 0.5% P were cast as rods 3g in. in 
diameter. 


*Mr. DePue is metallurgical consultant, U.S. 
Naval Research Laboratory, Washington, D.C., and 
Prof. Pennington is head of metallurgy, University 
of Maryland, College Park, Md. This paper is 
based upon a thesis submitted in partial fulfillment 
of the requirements for the Master of Science degree 
in metallurgy. 
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Fig. 1 — Welding Enclosure Provides a Cham- 
ber in Which Welds Can Be Deposited on 
Gun Metal Plates Under Various Atmospheres 


Preliminary welding with cast, uncoated 
electrodes was done in a gastight enclosure 
(shown in Fig. 1) in atmospheres of carbon 
dioxide, argon, and nitrogen. The electrodes 
developed through these tests were later used 
in air. 

Tests using the commercial aluminum bronze 
and phosphor bronze electrodes indicated that, 
although welds of good surface appearance are 
produced, the deposits contain numerous in- 
clusions derived from the nonmetallic coatings. 
Because of the high thermal conductivity of 
the gun metal alloys, the deposited metal _re- 
mains in the molten state for only a few seconds. 
Thus, it is not possible to prevent entrapment 
of the coating material by permitting it to float 
up and out of the weld deposit. Figure 2 illus- 
trates entrapment at the root of the weld and 
dispersed dross in the central area of the de- 
posit. Even skilled welders cannot lay down 
welds which are free of this latter defect. The 
condition proved severe enough to mask any 
effects due to variations in quality or composi- 
tion of the parent metal. Tensile and bend bar 
specimens from the finished welds did not meet 
specifications for gun metal in any of the 20 
weld tests performed. 


Phosphorus Content Is Important 


The uncoated phosphor bronze electrodes 
were developed primarily to eliminate the en- 
trapment of coating materials in the weld 
deposit and resultant variation in mechanical 
properties. As Fig. 3 shows, welds produced 
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Fig. 2— Cross Section of Weld in Gun Metal 
Casting. Entrapment of electrode coating 
material and dispersed dross are typical defects 


in an atmosphere of nitrogen are strengthened 
by increasing phosphorus content in the elec- 
trodes. The average maximum tensile strength 
across such welds was 33,000 psi. obtained from 
electrodes containing 0.41 to 0.45% P. 
Another important advantage of phosphorus 
content in this range is that variation in tensile 
strength across a weld is minimized. With 


Fig. 3 — Effect of Phosphorus Content of Elec- 
trodes (Nominally 90% Cu, 10 % Sn) on Tensile 
Strength. Specimens were taken across the 
weld. The results demonstrate that welding in 
air rather than nitrogen is preferred. Scatter 
of data may be due to variations in the amount 
f phosphorus yosited from the electrode 
a retained at v fusion zone of the weld 
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electrodes containing 0.4% P, for example, varia- 
tion amounts to 7000 psi. This contrasts with 
welds made with electrodes containing about 
0.03% in which the variation in tensile strength 
reached 20,000 psi. 

As the phosphorus content of an electrode 
is increased, the mechanism of weld deposi- 
tion changes. An electrode containing 0.4% P 
maintains a much steadier arc, and the weld 
metal is sprayed onto the plate rather than 
deposited drop by drop. This beneficial spray- 
ing permits the welder to control and direct 
deposition more satisfactorily. Welds contain 
fewer cold shuts and less porosity. 


Welds Made in Air Are Stronger 


Figure 3 also includes data on the tensile 
properties of welds made in air from electrodes 
containing 0.3 to 0.4% P. Since these welds are 
made in the presence of oxygen, they contain 
only a small amount of residual phosphorus; 
the balance has been volatilized as an oxide. 
In changing from a nitrogen atmosphere to air, 
however, the beneficial spraying action which 
results from the high phosphorus content of the 
electrode is retained. Yet the excess phos- 
phorus in the electrode is driven off. Welding 
in air also results in an increase in strength. 
Average values of 41,400 psi. tensile, 24,000 psi. 
yield and 21% elongation were realized. Both 
tensile strength and elongation are slightly 
above specification requirements for cast gun 
metal; yield strength has increased to almost 
20% over the requirement. 

Bend tests also demonstrate the improved 
quality of welds made in air using the high- 
phosphorus electrodes. Face-bend load for 
several specimens averaged 4610 lb. Bend bars 
taken from an equally good plate, but one 
which was not welded, fractured under an aver- 
age load of 4360 Ib. 

Spectrographic analysis indicates that 0.5 to 
0.7% Zn enters the weld bead from the base 
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Fig. 4—Welding Joint 
Design Recommended 
for Gun Metal and Other 
Copper-Base Alloys of 
Similar Composition 


metal. Thus the composition of the weld ap- 
proaches that of the base metal. 


Electrode Proved in Practice 


As a practical trial, defective shop castings 
of gun metal and similar alloys were welded in 
air with uncoated, high-phosphorus electrodes. 
Cold shuts, misruns, and small tears were easily 
repaired on a variety of cast shapes. Shrink- 
holes and porosity presented greater problems 
because zine vaporization, greatly increased in 
porous areas, caused poor deposits where the 
arc was first struck. Subsequent chipping of 
these areas and rewelding by directing the arc 
on previously deposited metal produced uni- 
formly good repairs. Repair of extensive poros- 
ity was not attempted. 


Recommended Welding Practice 


For best weldments on gun metal, an elec- 
trode containing 90% Cu, 10% Sn with 0.30 to 
0.45% P is recommended. Electrodes of this 
composition need no additional arc protection. 
The volatile phosphorus provides a favorable 
deposition mechanism, greater arc stability and 
improved control. 

Variations in tin content to as low as 6% do 
not appear to disturb the action of the electrode. 
Small amounts of relatively nonvolatile elements 
such as nickel are not harmful. For repairing 
porosity or defects which run deeper than % 
in., the area should be chipped out in the form 
of a U-joint (Fig. 4). Surface defects less than 
1% in. deep can often be welded without first pre- 
paring a special joint. The electrode, however, 
will not deposit metal as efficiently into a V or 
sharp angle as it does into the U-joint. Re- 
straining action of the casting on contraction of 
the deposited metal usually results in weld 
cracking unless it is preheated to 500 to 800° F. 
Weld beads should also be deposited rapidly 
so that a minimum amount of molten metal is 
maintained under the arc. rs] 
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In test chambers of the U.S. Army... 


Nickel meets the torture of man-made weather 


Sometimes it’s as steaming as the 
Malayan jungle...sometimes as hot 
as the Sahara...and then an arctic 
storm blows in. Nowhere in the 
world does Nature brew up such 
changeable weather as men do in 
Philadelphia. 

Here in weather chambers of the 
U.S. Army, military equipment 
undergoes weather conditions that 
make Mother Nature seem like a 
gentle old soul by comparison. 

If you think this is tough on the 
equipment, how about the chambers 
themselves. The equipment is in 
and out, but the chamber has to 
take it for test after test. That’s why 
the designers line them with a 
Nickel Stainless Steel—Type 18-8. 
Nickel Stainless Steel can take it. 
It’s corrosion resisting in the wettest 


atmosphere. It withstands sub-zero 
temperatures. The shocks of see- 
sawing “weather” conditions harm 
it not at all. 

Still another Nickel alloy—a 
nickel-chromium type — lines heat 
test units where temperatures get 
up over 1200°F. Another nickel- 
chromium alloy is used for the glow- 
ing heating elements. 


Make your own forecast of what a 
metal must face — Nickel and its 
alloys can help you meet the chal- 
lenge. Is it ability to meet stress, 
fatigue, heat or cold, corrosive 
atmospheres or a combination of 
these? We may be able to help you 
find the answer in Nickel. Just write. 


4444 444 
BEB 


Weather chambers like this one designed by 
Tenney Engineering, Inc., Union, N. J., are 
lined with Nickel Stainless Steel. Notable 
installations include those at the U.S. 
Army’s Frankford Arsenal, and Sperry 
Gyroscope Company, Long Island, N. Y. 


The International Nickel Company, Inc. INCO. 67 Wall Street - New York 5, N. Y. 


INCO NICKEL 


NICKEL MAKES ALLOYS PERFORM BETTER LONGER 
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Circle 772 on Page 48-6 
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With the A-L Steelector System 


How can you pick the right tool steel when there are 
more than 1000 brands, each jostling for your atten- 
tion? And how can you pick a tool steel and know 


before you order that the grade you want is avail- 
able—without delays—in the size and shape you need? 

If you are tired of wrestling with these problems 
you will like the new Allegheny Ludlum Tool Steel 
STEELECTOR Program. With it you can accurately 
select a tool steel that will meet your requirements 
and be sure that you have picked a grade that is in 


stock . . . aS near as your warehouse source. 

It's easy to make accurate selections with the 
STEELECTOR Program. The three STEELECTOR 
cards—covering general purpose tool steel applica- 
tions, hot work applications, and high speed grades— 
show at a glance the comparative properties of tool 
steel grades that will suit 96°¢ of all tool steel appli- 
cations listed in the A-L Tool Steel Handbook. 

The STEELECTOR cards use bar graphs to make 
it easy to make precise comparisons of abrasion re- 
sistance, toughness, size stability, machinability, and 
red hardness. All you have to do is pick the grade 


with the particular combination of properties you 
need for the job at hand. 

For each grade, there is a Data Stock List that tells 
you the exact analysis of the grade, its basic proper- 
ties, typical applications and their working hard- 
nesses, and temperatures for hardening, tempering, 
and annealing. And the complete range of available 
sizes and shapes is listed. 

You can count on getting quality tool steel by 
using the STEELECTOR Program. Each STEEL- 
ECTOR grade has been selected from the complete 
line of Allegheny Ludlum Tool Steel and made under 
the exacting quality control standards ofall A-L 
products. 

The new A-L Tool Steel STEELECTOR booklet 
contains the STEELECTOR Cards, descriptions of 
the various grades, and explains the individual Data 
Stock Lists available for every grade. For your own 
copy ask your Allegheny Ludlum sales representative, 
or write: Allegheny Ludlum Steel Corporation, Oliver 
Building, Pittsburgh 22, Pennsylvania. Address 
Dept. MP-8-1. 
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Tool Steel warehouse stocks throughout the country 
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Bausch & Lomb salutes: 
James R. Dvorak 


... Blue Ribbon Award Winner, 1959 A.S.M. Metallographic Exhibit + 


BLUE RIBBON AWARD 
WINNER for best series of 
photomicrographs showing 
750°C—1 MINUTE Transitions or Changes 
MAS 500 x During Processing—Mr. 
James R. Dvorak, Armour 

Research Foundation of 
Illinois Institute of 
Technology, Chicago, Ill. 


HIS AWARD-WINNING 

PHOTOMICROGRAPHS, 

MADE WITH A 

BAUSCH & LOMB 

METALLOGRAPH— 

750°C—10 MINUTES ‘Interrupted quenching of 

4 Al, 3% Moand 1% V."’ 


750°C—100 MINUTES 
MAG 500 XK 


Bausch & Lomb Metallographs help industry 

boost output and maintain quality by providing 
detailed magnified images—visual or photographic— 
for routine work and advanced research. 


Ease and comfort are basic design features of the B&L Balphot Metallograph— 

one of a complete line of metallographic equipments. You sit relaxed, with all major controls within 
effortless reach. A flick of a switch provides clear, sharp images for microscopy—for group viewing 
(with exclusive Magna- Viewer projector screen )—or for photomicrography. 


Find out how these faster, easier, completely dependable 

analyses can help you save on time and materials. Write 

for Catalog E-232, and for complete expert advisory 

nd a service. No obligation, of course. Also, limited 
‘ey? Og! edition brochure of this Blue Ribbon Award 
of 4 T) series, on request. Bausch & Lomb, 63808 Bausch 


- 
& Street, Rochester 2, New York. 
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Friction Welding: 


a Lesson in Economics From Russia 


By ARTHUR B. TESMEN* 


Recognizing the advantages of friction welding —low power consumption, 
high productivity and adaptability to automatic lines — the Russians 

have put it to work in tool, tractor and electrical plants to make such items as 
cranks, shafts, axles, bolts and cutting tools. (K6) 


F RICTION WELDING UTILIZES heat gener- 
ated by friction of a part which is rotated at 
high speed while clamped to the piece to which 
it is being welded. The method was suggested 
by a machinist-inventor, A. I. Chudikov, in 
1956 and developed by the All-Union Institute 
of Electric Welding Equipment (“VNIIESO”). 
Since the first publication of their work in 
1957, friction welding has been tried experi- 
mentally and used in production in many’ labo- 
ratories and plants throughout the Soviet Union, 
Czechoslovakia and Red China. VNIIESO is 
studying the basic variables of this method. It 
has determined welding procedures for a num- 
ber of metal combinations, and has designed 
several models of friction welding equipment. 

Friction welding is a variant of pressure weld- 
ing; the joint is made by plastic deformation of 
the abutting surfaces. The metal is heated to 
its plastic state by heat derived from friction 
of the surfaces revolving or oscillating against 
each other. As soon as the temperature re- 
quired for pressure welding (1650 to 2375° F. 
for steel) is reached, the relative motion is 
stopped and the workpiece is cooled with the 
clamping force maintained. Four of the pos- 
sible methods are illustrated in Fig. 1. 

Joint Characteristics —In all methods, the 
weld joint results from the mutual contact of 
clean surfaces and the formation of a strong, 
metallic bond. Foreign matter, oxide and 
adsorbed films which would prevent such a 
bond are destroyed and removed from the joint 


*Materials Specialist, Scientific Design Co., Inc., 
New York. Consulting Editor, Metal Progress. 
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by frictional wear. This is also aided by plastic 
deformation of the surfaces; metal is actually 
upset radially by the clamping force. 

The quality of the weld joint and the welding 
production rate depend upon the relative speed 
of rotation and the magnitude of plastic defor- 
mation of the abutting surfaces. The latter is 
indicated by the size of the axial upset. 

Investigations at VNIIESO and other organi- 
zations determined that carbon and alloy steels, 
copper, aluminum, titanium, brass, bronze and 
other metals and alloys can be welded to them- 
selves or in dissimilar pairs. 

Tensile strength, ductility and impact charac- 
teristics are equal to or better than those of 
the base metal. One of the main advantages of 
friction welding is the low power and energy 
consumption. Depending on the materials be- 
ing welded, friction welding requires one-fifth 
to one-tenth of the energy and power required 
by resistance welding. This is because the heat 
is concentrated in the joint rather than dissi- 
pated to the base metal. Productivity is high 
— pieces up to 50 mm. in diameter can be 
welded in 1.5 to 30 sec. Another advantage is 
adaptability to automation since the three basic 
variables — axial force, speed of rotation and 
the amount of the upset — are easy to control. 
This lends itself to programing and to adoption 
of a friction welding machine into a continuous 
production line. 

There are also disadvantages, at least in its 
present stage of development. Applications 
are limited because only a few configurations 
have been welded. These include either two 
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Fig. 1 — Principal Meth- 
ods of Friction Welding. 
Technique consists of 


rotating or oscillating one 
or both abutting parts 


to generate heat while 
pressure, P, is applied 


Fig. 2— Typical Friction- 
Welded Joints. A— butt 


welded rods, B — butt weld- 
ed tubes, C — butt welded 
rod and tube, D— red and 
tube welded to flat surface. 
Though limited to these 
general configurations, fric- 


rods or two tubes, a rod to a tube, or rods or 
tubes abutted to a surface (Fig. 2). 

So far, greatest interest has been expressed 
by toolmaking shops. Tool users — machine 
tool, tractor and electrical apparatus plants — 
use this method in the production and repair 
of drills, taps, broaches and milling cutters. 

Welding Conditions — Typical conditions are 
given in Table I. The amount of upset can be 
chosen more precisely by welding tensile speci- 
mens and testing their ductility, strength and 
impact properties. Experience at VNIIESO 
and Minsk Tractor Plant has shown that the 
amount of upset may be held within a few 
tenths of a millimeter — an important advantage 
for maintaining length tolerances. 

Unit clamping pressure ranges from 3500 
psi. for soft and malleable materials to 35,000 
psi. for the higher-strength steels. Its value is 
practically independent of the dimensions of 
the weld piece. To obtain maximum strength 
in the weld, pressure during the heating part 
of the welding cycle should be stepped up 
when plastic deformation starts. This, how- 
ever, requires a more complex apparatus and 
lengthens the cycle; it should be used only for 
work of the highest quality. Many steels and 
aluminum alloys can be welded at a constant 
clamping pressure during the welding cycle. 

The relative speed of rotation is the least 
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tion welding has proved an 
important cost-cutting meth- 
od of fabrication in Russia 


sensitive variable and may be varied within a 
wide range. At lower speeds heat losses and 
power consumption are less, but higher clamp- 
ing force, sturdier equipment and longer weld- 
ing cycles are required. 

Dissimilar Metals Joined — Most common 
industrial metals and alloys have been satis- 
factorily friction welded both in similar and 
dissimilar pairs. These include welding low- 
carbon to medium-carbon steel, Cr-Mo steel 
pairs, Cr-Mo-Al steel pairs, low Cr-Mn-Si steel 
pairs, 18-8 Cr-Ni to 0.45 C steel, 1.5 C, 12 Cr, 
0.3 V, 0.5 Mo to 0.45 C steel, manganese bronze 
to low-carbon steel and several others. While 
many combinations produce satisfactory results, 
some metals of widely divergent heat proper- 


ties, such as copper-steel, may be welded only 
upon preliminary heating of one part. 
Proper conditions have not yet been found 


for some pairings such as aluminum-steel, alu- 
minum-copper, and other metals with alumi- 
num. However, the Chinese report that they 
have satisfactorily covered aluminum wire with 
copper by friction welding. 

The mechanical properties of weld joints 
have been tested in tension, bending and im- 
pact. In addition, macro and microstructures 
have been studied. Usually the joints had high 
strength and plasticity; failures occurred out- 
side the weld and the heat-affected zone. High 
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Table I — Friction Welding Procedures 


RELATIVE 
SPEED OF 
ROTATION 


MATERIAL*® DIAMETER 
WELDED 


Unit CLAMPING PRESSURE 


LENGTH OF 


AMOUNT a 
WELDING 


DuRING DuRING 
or Upset 


HEATING PLASTIC 
CyYcLe DEFORMATION | 


Mild steel (0.20 C) 20 mm.t 1500 rpm. 
Mild steel (0.20 C) 1000 
Carbon steel, 85,000 T.S. ) 1500 
Low-carbon machinery steel 3000 
0.45 C steel 3000 
0.40 C, 13 Cr, 0.6 Ni steel 1500 
0.20 C, 1 Cr, 0.25 Ni steel 3000 
0.12 C, 0.75 Cr, 2 Ni steel : 3000 
0.90 C, 4 Cr, 10 W, 2 V steel to 

0.45 C steel 1500 
0.75 C, 4 Cr, 19 W, 1.4 V steel 

to 0.45 C steel : 1500 
60-40 brass 3000 
58 Cu, 2 Mn, 40 Zn brass 

to medium steel . 1500 


5% 5% 5 mm.t 
12 


3 
5 
3-4 
4 
4 


*Components of same composition welded together unless otherwise noted. 


tl mm. = 0.039 in. 
tIn kg. per sq.mm. To convert to psi. multiply by 1422. 


ductility is shown by bend and impact results. 
Macro and micro examination reveals clean 
welds free of porosity, oxides and other inclu- 
sions, and fine equiaxed grains resulting from 
the mechanical working in the plastic range. 

Russian Equipment —Since Chudikov 
showed the feasibility of the method of joining 
low-carbon steel rods on a conventional cut- 
ting lathe, four special machines have been 
developed for this purpose. 

Three of these are for general use and differ 
in the type of clamping and the degree of auto- 
mation and productivity. Machines MST-1 
and MST-2 are designed for a continuous pro- 
duction of cutting tools. The entire operation 
of MST-1 is automatic with the exception of 
two operations — insertion and removal of the 
workpiece into and from the machine. MST-2 
is more versatile than MST-1, and suitable for 
quick changeover of work of various dimen- 
sions. Control of the welding cycle is inde- 
pendent of the operator, thus providing con- 


stant conditions and assuring uniform quality. 


Both machines weld steel items up to 25 mm. 
in diameter at rates up to 150 pieces per hr. 

In 1958 a more powerful model, MST-3, was 
built for welding low-carbon steels 20 to 40 
mm. in diameter. Clamping force is applied 
hydraulically from a pneumo-hydraulic intensi- 
fier. A special purpose machine (MST-4) was 
built for welding coal conveyer roller axles. 
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Calculations, confirmed by experiment, have 
shown that, because the maximum stresses in 
the center of the shaft are so small, the diameter 
may be reduced to less than half of its original 
dimension. Metal savings of several hundred 
tons a year are achieved. A newly designed 
shaft is produced by friction welding of three 
parts. The middle part consists of a rolled 
shaft cut to the required dimensions, and the 
end portions are forgings. Machine MST-4 
was specially designed for simultaneous weld- 
ing of the middle shaft to the end forgings 
which are 12 to 14 mm. in diameter. The mid- 
dle part of the shaft can vary from 100 to 1190 
mm. in length. About 1500 pairs are welded 
per shift. 

Other applications of friction welding are in 
fabrication of tractor cranks, concrete reinforce- 
ments, axles, bolts, driving gears, and cutting 
tools (drills, broaches, taps and milling cutters. ) 

In Summary — There are currently about 40 
special friction welding installations. Yearly 
savings amounting to 400,000 rubles are ex- 
pected from a three-machine installation cost- 
ing about 100,000 rubles at a Leningrad plant 
and savings of 700 to 800 tons of rolled steel 
from one machine which welds coal roller con- 
veyer shafts. Future designs will include new 
machinery and methods for field welding, weld- 
ing pipe lines, joining noncircular cross sections 
such as rails, and welding plastics. =) 
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Adolph Buehler 
President, Buehler, Ltd. 
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Ix avcusr 1936, the following announce- 
ment appeared in Metal Progress: “The techni- 
cal service formerly operated by me as the 
optical department of the Wilkens-Anderson 
Co. is now at your disposal through the facili- 
ties of my own organization.” Today, this 
“organization”, which at that time was housed 
precariously in a small office in Chicago’s Loop, 
is known as Buehler, Ltd., and is located in a 
new building in the Chicago suburb of Evans- 
ton. It is presided over, as it has been from the 
start, by Adolph Buehler, the son of a Swiss 
watchmaker. His story is so fascinating that 
it could serve as a model for a Horatio Alger 
epic with but one exception — Adolph didn’t 
end up marrying the boss’s daughter! 

It all began in Lucerne. In this famous 
tourist center his father founded a watchmaker’s 
and optician’s establishment. Adolph grew up 
there, attending both grade and high schools. 
Like all active youngsters, he had his day- 
dreams, most of which involved travel. He 
would sit by the side of the mountain-banked 
lake listening for the whistle of the Orient Ex- 
press speeding toward Vienna, Belgrade, Bagh- 
dad —or the St. Gotthard Express traveling 
west to Paris and London — and be transported 
in imagination to alien lands. 

These dreams were perhaps spurred by his 
desire to avoid the watchmaker’s trade. Boys 
in Europe were expected to follow in their 
father’s footsteps. This was not to Adolph’s 
taste so to maintain peace in the family, and 
still not end up as a maker of watches, he 
switched his apprenticeship to an optician in 
Lausanne, about 100 miles away. 

His schedule as a trainee was to work from 
8 a.m. to 6 p.m. with one hour for lunch (on 
Saturdays, only until 5 p.m.) for one full year 
without salary. He also had to promise not to 
engage in a competitive business or to work 
for a competitive store in Lausanne for the 
rest of his life. If these conditions were not 
followed to the letter, his father was to be fined 
10,000 francs in gold. 

Yet, the work inspired the lad to go back to 
school. In 1912, he entered the Optical College 
in Berlin at the age of 19 to study optics and 
optometry. With such industrial plants as 
Busch, Carl Zeiss, and the glass works of Schott 
& Genossen nearby, it was easy to add an in- 
structive practical background to the academic 
work. On graduation, he was planning a trip 
to England when World War I intervened, and 


AUGUST 1960 


he served with the Swiss military until 1918, 
guarding the frontier. 

After the war, his desire for travel, never 
long suppressed, become overwhelming, and in 
1922 he achieved his boyhood ambition — emi- 
gration to the United States. He is fond of 
saying that from the day of his arrival in New 
York this country lived up to his expectations, 
though the start was rough. Because he lacked 
both experience and English, he could not get 
a job. Eventually, he acquired the experience 
by working in an optical establishment without 
salary for three months, and the language by 
studying at the Y.M.C.A. and the Alexander 
Hamilton Institute. 

A romantic interlude took place: Adolph met 
his future wife — at that time, Fanny Eisenhut 
—at a Swiss picnic during his first Sunday in 
New York. Though she returned to Switzerland 
shortly thereafter, some love letters led to a 
wedding in 1924. 

A year before that, Adolph joined E. Leitz, 
Inc., as sales and service engineer for micro- 
scopes. Extensive travels took him to many 
parts of the country during which he helped 
introduce the Leica 35-mm. camera. It will 
surprise some to learn that this type of camera, 
so popul§r today, did not excite much interest 
at first. Camera retailers were not impressed 
by the convenience of the little camera; instead, 
it was accepted first in hospitals and labora- 
tories to record operations and experiments. 

Getting back to the main story, Buehler be- 
came interested in instruments for metallog- 
raphy — an interest that led to friendships with 
Francis F. Lucas of Bell Telephone Labora- 
tories, Professors Waterhouse, Williams, and 
Homerberg of M.I1.T., Dr. Krivobok of Carnegie 
Tech, and many others. Gradually working 
toward citizenship, he was naturalized on Dec. 
12, 1927. Two years later, he moved to Chicago 
to open a branch office for Leitz, but since he 
wanted to concentrate on the industrial field, 
he spent a couple of years with Wilkens- 
Anderson, and then opened his own business 
dealing in optical instruments and equipment 
for preparing metallographic samples. 

The early years were rocky, but World War 
Il accelerated industry and research to such 
an extent that he had to expand his operations. 

After the war was over, the need for im- 
proved laboratory equipment became still more 
apparent, and Buehler began to do his own re- 
search, resulting in new items such as electro- 
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polishers and abrasive cut-off machines. By 
1949, the pressure for expansion was such that 
Buehler purchased a plot of ground in Evans- 
ton, IIl., for a combined office and factory build- 
ing, a project delayed by the Korean “police 
action” but completed early in 1954. 

Today, he occupies a large office (decorated 
with plants and paintings selected by his wife ) 
at one end of this building. His door is always 
open to his employees; those who come to dis- 
cuss their problems are assured of a friendly 


reception. He encourages perfection in his em- 
ployees who recognize him as a man of great 
integrity, yet generous and kindly. 

This biographical appreciation would not be 
complete without some mention of his happy 
home life. Married to an artist, as he is, both 
home and office are filled with beauty. Her oil 
paintings adorn the office walls; flowering plants 
are everywhere. Other sources of joy are his 
two daughters, Heidi and Mignon. Both are 
married, and have made him a grandfather 


Book Review 


Distortion... 


a Heat Treater’s Problem 


DIsTORTION IN TOOLSTEELS, by Ber- 
nard §. Lement, American Society for 
Metals, Novelty, Ohio. 173 p. $10. 


Reviewed by GEORGE A. ROBERTS* 


Tus BRIEF, CONCISE and extremely read- 
able report is a welcome addition to the tool- 
steel literature. Certainly, as a compilation of 
the majority of published information on the 
distortion caused by heat treatment, it is unique 
and much needed. 

Lement combines a simplified, rational, yet 
theoretical, approach to size change during heat 
treatment with a metallurgical interpretation 
that is both brief and valid. Like most other 
students of the field, he divides the movement 

*Vice-President, Technology, Vanadium-Alloys 
Steel Corp., Latrobe, Pa. 
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into size distortion (a change in volume) and 
shape distortion, frequently called warpage 
(change in curvature of angles or faces). Le- 
ment’s calculations of the first of these factors, 
based on specific volume relationships of the 
different phases involved, is instructive and will 
be useful to future students. However, the text 
serves to emphasive how inadequate is our 
ability to predict the role of internal stresses 
and nonuniformity of temperatures or cooling 
rate upon the shape change which, in many in- 
stances, completely overshadows the size 
change effect. 

Lement’s review of the literature and compi- 
lation of practical data is complete insofar as 
United States publications are concerned but 
makes no effort to include information from 
foreign sources. The data shown have been 
spasmodically obtained by investigation over a 
period of 50 years. If any investigator had 
hoped to present a full understanding of the 
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five times. Though he doesn’t see Heidi and 
her brood of three very often —she is married 
to an Argentinian architect — Mignon’s children 
supply fun and happiness to the household. 

Extensive trips made throughout the years in 
connection with his work have not killed his 
urge to travel. Every three years he tours 
Europe, visiting his agents who are located in 
nearly every country there, and exercising his 
skill in English, German, and French. (He 
always manages to squeeze in a few moments 


for mountain climbing back in the homeland. ) 

Business, family, and friends have all com- 
bined to make life a joyful journey for Adolph 
Buehler. Good nature and continued optimism, 
no matter what the circumstances, have helped 
him along the way. Being the humble, religious 
man that he is, he would never dream that he 
alone was responsible for such success. In- 
stead, he will only try to do better tomorrow. 
And he will probably succeed. 

Cari R. WEYMUELLER 


shape change problem, he must have eventually 
given up. Presumably, each investigation has 
been used to solve empirically an existing prob- 
lem; then it has stopped. In fact, not much data 
appeared in the last ten years in the American 
literature with the exception of some recent 
interesting studies on bearing steels. 

Some basically new studies of the distortion 
caused from thermally induced stresses during 
heat treatment have recently been reported in 
foreign literature, but these have been ignored 
by Lement, whose storehouse of information 
comes mainly from the M.I.T. Dimensional Sta- 
bility Laboratory. It has been sufficient to pre- 
sent a logical story without the more compli- 
cated and perhaps fruitless search for complete 
knowledge on the other facets. 

The book is extremely readable and should 
appeal to anyone who has to harden a piece of 
toolsteel and to measure it afterwards with the 
hope that the dimensions are not unexpectedly 
different than after the machining operation. 
It is brief (a reflection on the amount of data 
available or on the skill of the author in con- 
densation ) and yet it includes broad strokes of 
additional information —a complete listing of 
the A.LS.I. toolsteel composition, heat treat- 
ment and property tables, a valuable chapter on 
the measurement of size, a good sensible trea- 
tise on cold treating of toolsteels (except, per- 
haps for a minimization of the hazards of crack- 
ing which may occur ), and a brief story on heat 
treating hints. 

In reviewing books, the author should not 
receive the entire attention of the reviewer; 
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the publisher should be the subject of some 
scrutiny with respect to technique, perfection 
and policy. On the first two points, the A.S.M. 
staff has done an admirable job in keeping the 
book free of errors. However, it will take this 
reader some time to justify the numbering of 
figures in the text starting with unity for each 
chapter and yet not showing the chapter num- 
ber on each page or on each two-page spread. 
This complicates the problem somewhat in re- 
ferring someone else to “Fig. 3 in Lement’s 
book”, for instance. There are, in fact, eight 
such figures, one for each of the eight chapters. 
In addition, either the publisher or the author 
has tended to be somewhat obscure about the 
references for the data quoted. Occasionally, a 
table or a graph will show the source of the data 
and occasionally not; in the latter case, one 
must find in the text the appropriate paragraph 
and search for the reference at this point. 
Much of the information has come from the 
M.I.T. work, but considerable data have been 
collected from the literature and skillfully com- 
piled. As a standard further reference work on 
this subject, it would have been better to have 
had a consistent policy on identifying refer- 
ences and a “bold-faced” policy toward show- 
ing them. 

All in all, Dr. Lement and the A.S.M. should 
be proud of this book and it should prove a val- 
uable edition for all toolsteel metallurgists and 
heat treaters who are attempting to understand 
for the first time the practical complexities of 
transformation and volume changes in heat 
treated steel. 
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Kutectic Alloying of Copper... . 
A New Concept in Dispersion Hardening 


By D. N. WILLIAMS, J. W. ROBERTS and R. I. JAFFEE* 


When oxygen (or sulphur) is added to copper so that a eutectic composition 
is formed, a fine dispersion of Cuz0 or Cu.S will appear 

on solidification. Rupture tests prove that dispersions formed 

in this manner will harden and strengthen such alloys. (N12q, Q-general; Cu-b) 


Tr 1s WELL KNOWN that dispersion harden- 
ing alloys of copper can be prepared by powder 
metallurgy procedures. To widen potential 
applications, we wanted to determine whether 
similar alloys could be prepared by melting. 
For this, one of the simplest methods available 
is to alloy to a eutectic composition so that a 
dispersion will form spontaneously on solidifica- 
tion. Two alloying elements in copper — oxy- 
gen and sulphur — seemed especially well suited 
for this purpose. Both were known to form 
eutectics containing appreciable amounts of a 
a nonmetallic compound, and the compound 


phase was also likely to be spheroidal. 
Preparing the Alloys 


To confirm our beliefs, we made a series of 
8-Ib. heats of these alloys and of unalloyed cop- 
per. Copper-oxygen alloys were induction 
melted under nitrogen, while unalloyed copper 
and copper-sulphur alloys were melted under 
carbon monoxide. High-purity copper 
(99.98%) was used to prepare the alloys, with 
the alloying additions introduced as either Cu,O 
or Cu,S. Ingots were cast in graphite molds. 

As Fig. 1 shows, spheroidal eutectic struc- 
tures have developed in the castings. Particle 


Table I — Stress-Rupture Properties of Copper- 
Eutectic Alloys 


TIME TO Evonca-| REDUCTION 
IN AREA 


Compo- 
STRESS 
SITION RUPTURE, TION 


0.77% S | 10,000 2.0 
15,000 0.3 7 
0.39% O} 10,000 | 12.4 12 


15,000 | 0.4 | 46 


2 


| 

Cu 10,000 6.7hr.| 6% | 6% 
| 
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size of Cu.O in the Cu-Cu.O eutectic was 0.5 
micron while that of Cu.S in the Cu-Cu.S eutec- 
tic was about 2 microns. Casting the latter 
alloy into a water cooled mold reduced the 
Cu.S particle size to less than 0.5 micron. 

As for fabrication, copper-oxygen alloys are 
known to be cold short, but copper-sulphur al- 
loys can be formed over a wide temperature 
range. Since too high a temperature would be 
expected to induce agglomeration in these al- 
loys, we wanted to employ a low temperature, if 
possible. (Incidentally, the eutectic tempera- 
ture of both alloys is about 1950° F. ) 

Samples from the copper-oxygen ingot were 
forged at 1300 and 1750° F. The higher tem- 
perature was adequate, but cracking was exces- 
sive at 1300°F. The oxide particle size in- 
creased from 0.5 micron to 1 micron during 
forging at 1300°F., and to 4 microns during 
forging at 1750°F. Next, we tried extruding 
(because the time at temperature could be re- 
duced appreciably) at 1475° F. with a 9:1 ex- 
trusion ratio; this was accomplished with no 
apparent increase in oxide particle size. 

The copper-sulphur ingots could be forged 
either at 1070 or 1400° F. without cracking or 
noticeable particle growth. There was only 
slight particle growth in 16 hr. at 1400° F. al- 
though appreciable growth was observed after 
234 hr. at 1750°F. Attempts to fabricate the 
chill-cast copper-sulphur ingot by forging either 
at 1100 or 1300° F. were unsuccessful. 

*Mr. Williams and Mr. Jaffee are assistant divi- 
sion chief and division chief, respectively, nonfer- 
rous physical metallurgy division, Battelle Memorial 
Institute, Columbus, Ohio. Mr. Roberts, formerly 
with Battelle, is now a research engineer, Westreco, 


Inc. This research was done at Battelle under the 
auspices of the Copper & Brass Research Institute. 
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Copper-Oxygen Alloy, Brinell 58 


Fig. 1 — As-Cast Structures of Copper-Eutectic 
Alloys. The copper-oxygen alloy (above) contains 
0.39% oxygen by weight (Cu,O particle size: 
0.5 micron) while the copper-sulphur alloy has 
0.77% sulphur (Cu.S particle size: 2.0 microns). 
Chill casting reduced the Cu.S particle size to 
less than 0.5 micron. The large globules in the 
copper-oxygen alloy are primary CuzO. 500 x 


Rupture Properties Are Bettered 


Since dispersion hardening is quite helpful in 
improving creep and stress-rupture properties, 
these properties were measured to determine 
whether such hardening had been accom- 
plished. Tensile specimens were machined 
from the copper-oxygen alloy extruded at 
1475° F. and from both unalloyed copper and 
the copper-sulphur alloy forged at at 1070° F. 
These samples were annealed for 1 hr. at 750° F. 
and then loaded in stress-rupture test racks to 
either 10,000 or 15,000 psi. at 660° F. Results 
are given in Table I. 

Although the copper-oxygen alloy showed 
good ductility at rupture, unalloyed copper and 
the copper-sulphur alloy did not. The reason 
for this low ductility is not known, since both 
alloys had good ductility at room temperature. 

The time-to-rupture was not greatly affected 
by the presence of CuO or Cu2S. However, an 
interesting trend may be seen by comparing 
these data with rupture data previously re- 
ported from powder metallurgy studies, as 
shown in Fig. 2. The slope of the rupture curve 
of the copper-oxygen alloy is much less than 
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Copper-Sulphur Alloy, Brineil 49 


Copper-Sulphur, Chill Cast, Brinell 53 


that of the copper-sulphur alloy. It is also more 
like that of the Cu-Al,O; powder metallurgy al- 
loy than that of unalloyed copper.* Thus, one 
might anticipate that the copper-oxygen alloy 
would be appreciably better than unalloyed 
copper in long-time stress-rupture tests or in 
creep tests. The poor rupture characteristics 
of the copper-sulphur alloy are not unexpected 
in view of the relatively coarse (2-micron) par- 
ticle size present in the alloy. 

In conclusion, moderate dispersion hardening 
can apparently be achieved through eutectic al- 
loying. Though the particle sizes studied were 
too coarse to be optimum, by controlling solidi- 
fication rate during casting and by proper fab- 

*Source for Cu and Cu-10Al,O, curves: “Copper 
Silica and Copper Alumina Alloys of High-Tem- 
perature Interest”, by K. Zwilsky and N. J. Grant, 
Transactions, A.I.M.E., Vol. 209, 1957, p. 1197. 
rication practices it is conceivable that useful 
copper dispersion alloys would result. S 
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No. 5 in a Series on Better Finishing 


Ultrasonic Agitation 
Gives New Life to Pickling 
and Cleaning Baths 


The trend in ultrasonic cleaning and pickling is toward larger 
and more complex installations. Their advantages, proven by 


By H. F. OSTERMAN 
and A. V. SANTA LUCIA* 


industrial experience in low-volume production of expensive items, 
show promise in reducing cost of equipment and labor while doing 


Urnasonic PICKLING AND CLEANING have 
reached the point where they can be applied 
on a large scale to solve industrial cleaning 
problems. They are being used today for 
cleaning critical parts of gas turbines and elec- 
tronic components such as printed circuit 
boards where the ability of ultrasonic agitation 
to clean faster and more thoroughly is particu- 
larly advantageous. Potential applications lie 
in continuous strip cleaning and in pickling of 
bar stock and wire. 

Ultrasound refers to the sound spectrum 
above the range of human hearing, or in more 
exact terms, above 15,000 to 18,000 cycles per 
sec. Ultrasonic energy in liquids is generated 
by transducers which convert electrical energy 
into sound energy. Transducers are either 
electrostrictive or magnetostrictive. Electro- 
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a more thorough job. (L10f, L12g) 


strictive transducers use ceramic elements such 
as barium titanate which change their shape 
when an electrical potential is applied. Nor- 
mally they can operate up to 160° F. With a 
special sandwich design which uses thin sec- 
tions of lead zirconate titanate, the temperature 


can be increased to 200° F. This is also the 
upper limit on magnetostrictive transducers 
containing metal rather than ceramic elements. 


Cavitation Improves Cleaning and Pickling 


Sound energy from a transducer causes alter- 
nating compressions and rarefactions in a liquid. 
If the liquid is subjected to sonic vibrations 
of sufficient intensity, bubbles or small cavities 
are formed during the negative half of the 
pressure cycle. When the pressure swings 


*Branson Ultrasonic Corp., Stamford, Conn. 
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toward positive, these cavities collapse and give 
rise to extremely high local pressures (200 to 
500 atm.) and formation of shock waves. This 
process, known as cavitation, is the primary 
mechanism which produces the effects attrib- 
uted to ultrasonic energy. As far as cleaning 
is concerned, the formation and collapse of 
these cavities has an action very similar to 
intense mechanical scrubbing with the addi- 
tional benefit that penetration into crevices 
and blind holes is more pronounced. 

Of the factors which affect cavitation inten- 
sity, temperature and surface tension are the 
most important. Data obtained by measuring 
the rate of erosion of lead samples in water 
which was ultrasonically agitated demonstrate 
that there is a distinct peak in efficiency in the 
range of 140 to 160°F. depending on such 
factors as amount of wetting agent and water 
purity. In evaluating surface tension, one has 
only to compare the difference in erosion rates 
of samples in water and trichlorethylene to see 
the effect of that particular physical property; 
erosion is 100 times faster in water, thus demon- 
strating that high surface tension is desired. 
Viscosity and vapor pressure also influence 
cavitation efficiency but to a lesser extent than 
temperature and surface tension. 


Pickling Mechanism 


Pickling can be defined as the removal of 
an oxide of a metal from the metal itself by 
chemical action. The term “pickling” in a 
stricter sense is normally applied to scale- 
removing with acid solutions. Since descaling 
of iron and steel is probably the largest pickling 
application, a considerable amount of time has 
been devoted to investigating the processes 
involved. 

According to L. B. Pfiel (Journal of the Iron 
and Steel Institute, Vol. 123, 1931, p. 237), 
oxide or scale on steel consists of FeO ( wustite ), 
Fe,0, (magnetite) and Fe,O; (hematite). 
The change from one oxide phase to another is 
gradual, and iron content decreases toward the 
surface. The actual amount of any and all of 
these oxides depends upon the thermal history 
of the steel. 

A. B. Winterbottom and J. P. Reed (Journal 
of the Iron and Steel Institute, Vol. 126, 1932, 
p. 159) state that wustite is relatively soft and 
is soluble in sulphuric acid, but magnetite and 
hematite are hard, brittle and relatively in- 
soluble. In pickling of strip steel, these physi- 
cal and chemical properties govern the scale 
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removal practice, which is a two-step operation 
consisting of scale breaking and pickling. Dur- 
ing scale breaking, the outer layers of magne- 
tite and hematite are fractured mechanically, 
thus opening a maximum of entry points for 
the acid. In the pickling bath, the acid attacks 
and dissolves the wustite, thereby destroying 
the bond between the scale and the steel. In 
an uninhibited acid, hydrogen pressure which 
results from an acid-metal reaction tends to 
force the loosened scale away from the steel. 
Inhibitors reduce this type of reaction, but 
a certain amount still occurs. Since the main 
function of inhibitors is to reduce apparent 
metal loss, it must then be assumed that the 
major portion of the scale removal is due to the 
solubility of the wustite layer. Winterbottom 
and Reed further state that the time required 
for pickling depends upon the type of scale 
and factors such as hydrogen ion concentration, 
viscosity, temperature of the bath, concentra- 
tion of iron salts and degree of agitation. These 
factors affect the pickling activity of the bath. 

If these variables are considered in relation to 
a cavitating liquid, several reasons for in- 
creased scale removal due to ultrasound in a 
pickling solution become apparent. For ex- 
ample, in a pickling operation, ultrasonic vibra- 
tions produce a large amount of intense surface 
agitation. Concentration gradients are con- 
tinuously disrupted and an adequate hydrogen 
ion concentration is maintained at the reaction 
interface. Another reason for the effectiveness 
of ultrasonics is that the scrubbing action 
which normally accompanies cavitation removes 
any loosened scale and hastens cleaning. 

In addition to pickling, there are a large num- 
ber of applications involving the removal of 
foreign matter from surfaces. To begin with, 
a proper chemical must be selected on the 
basis of the job to be done. In broad terms, 
this chemical could be either an acid, a base, a 
solvent, a detergent or a combination thereof. 
The addition of ultrasonics to a chemical which 
in itself is capable of loosening or removing 
surface soils generally results in greatly in- 
creased cleaning rates and much higher degrees 
of cleanliness. 


Reduces Pickling Time 


To demonstrate the potential of ultrasonic 
cleaning and pickling, we constructed a work- 
ing model of a bar pickler, which uses cog 
wheels 1 ft. in diameter and is capable of 
pickling bars up to 14 in. in diameter and 
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Pickling Time, Sec. 
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Fig. 1— Effect of Temperature and Acid Con- 
centration on Ultrasonic Pickling Time of Hot 
Rolled Grade 1010 Bars. As in baths which are 
not ultrasonically agitated, the pickling time is 
reduced as temperature goes up. Ultrasonic 
agitation, however, decreases the time required 


1 ft. long. In this model, the bars are carried 
through the pickling bath along a fixed pass 
line. Transducers positioned above and below 
the pass line agitate the solution around the 
bars, thus increasing the pickling rate and at 
the same time removing pickling residue. Since 
conditions in the model closely approximate 
those which would prevail in an actual installa- 
tion and because provisions were made to vary 
these conditions, it was possible to obtain de- 
sign data quite readily. Of the factors which are 
important in pickling, we investigated acid con- 
centration, temperature and ferrous sulphate 
concentration. In addition, some interesting 
data were obtained on cleanliness and the effect 
of inhibitors. 

Figure 1 shows the effect of temperature on 
ultrasonic pickling time of hot rolled grade 1010 
bar stock at acid concentrations of about 5, 10 
and 15% (by weight). The temperature effect 
is similar in nature to decreases in pickling 
time with increasing temperature which occur 
in acid without ultrasonics. The chief differ- 
ence is the spread between standard pickling 
time and ultrasonic pickling time. For instance, 
at an acid concentration of 9.75% it requires 
18 min. to completely descale 1010 steel; with 


112 


Acid Concentration: 8.4% 
Temperature: 180° F. 


Pickling Time, Sec. 
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0 1 2 3 


Ferrous Sulphate Concentration, Lb. per Gal. 


Fig. 2— Buildup of Ferrous Sulphate in Bath 
Increases Pickling Time. Experiments indicate 
that a higher ferrous sulphate concentration 
can be tolerated when ultrasonics are used 


ultrasonics it takes 108 sec. or one-tenth the 
length of time. 

Although further work remains to be done 
to determine the exact influence of ferrous 
sulphate on ultrasonic pickling rates, enough 
data are available to indicate that iron salts 
increase the pickling time by an appreciable 
amount. This is shown in Fig. 2. The data 
were obtained at an acid concentration of 8.4% 
at a temperature of 180° F. with ferrous sul- 
phate concentrations ranging between 0 and 
21% lb. per gal. Evidence suggests that with 
ultrasonic agitation higher concentrations of 
iron salts can be tolerated than in standard 
pickling. 

The addition of Rodine 92 inhibitor to the 
pickling bath has two distinct results: The 
surface roughness of the pickled material is 
decreased due to the lack of acid attack on the 
base metal and the ultrasonic pickling time is 
reduced. This latter effect, which is illustrated 
in Fig. 3, is quite important. It is thought that 


Fig. 3 — Effect of Inhibitor on Ultrasonic 
Pickling Time. Inhibitor reduces metal 
losses but increases rate of scale removal 
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Inhibited Temperature: 175° F. 
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the wetting action of the inhibitor increases 
sonic coupling, thus providing better pickling. 
An analogous result has not been observed in 
standard operations using the same inhibitor. 


Cleaner Surfaces 


During various stages of the experimental 
work with the bar pickler, a number of speci- 
mens were checked for cleanliness. On the scale 
of 0 to 1000 — 1000 being perfectly clean — ul- 
trasonically pickled samples average 990 to 
1000; with standard pickling techniques, clean- 
liness ratings in the range from 450 to 550 were 
obtained. This difference in cleanliness indi- 
cates that most reaction products are removed 
by ultrasonic action as they are formed. 

It should be noted that the data which have 
been discussed were obtained on bars handled 
on an individual basis and not in bundles as 
is common practice. Thus, the test data on 
pickling without ultrasonics were taken under 
optimum conditions. A standard pickling bath 
would be much less favorable. Longer pickling 
times would be required and the product 
would probably not be as clean. 
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Fig. 4—Transducer and Tank Lay- 
out of Pilot Cleaning Unit Used in Con- 
tinuous Wire Drawing Line. High cavi- 
tation levels result in short cleaning 
times. Unit has been operated at 
wire speeds up to 1000 ft. per min. 


Cleaning Applications Increase 


In many ways it is easier to evaluate the 
effects of ultrasound on pickling than on clean- 
ing. Pickling processes are fairly well defined 
and understood, but in cleaning operations each 
type of soil or combination of soils represents 
a different problem. Unless prior knowledge 
has been gained through practice or experi- 
ment, proposed cleaning practices should be 
evaluated by cleaning tests. Such tests not 
only yield information on chemical cleaning 
agents, but also data necessary for the design 
of an effective cleaning installation. 

Because ultrasonic cleaning covers such a 
broad spectrum of applications, it is best dis- 
cussed by means of example. Since many of 
the more common applications have been well 
documented, several of the newer efforts will 
be discussed because they indicate a definite 
trend in the direction of larger and more com- 
plex installations. 

In the field of electroplating, it appears that 
one of the most promising applications is clean- 
ing prior to plating. As an example, a New 
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England manufacturer of decorative flatware 
found that hand-brushing components prior 
to plating could be eliminated by a sonic instal- 
lation costing $4000. The economics of such 
savings in labor costs are readily apparent. 
This installation was not operated without some 
difficulty, however. Initially it worked well, 
then the rejection rate started up. The reason: 
The buffing compond had been changed, thus 
presenting a different cleaning problem. After 
a brief laboratory investigation, a new cleaning 
compound was recommended and the installa- 
tion placed back in satisfactory service. 

One of the problems in the production of 
high-quality wire is the removal of drawing 
compounds and other residues. Because of its 
very nature, a coil of wire acts as a sound ab- 
sorber making it extremely difficult to clean 
ultrasonically. Laboratory tests indicated, how- 
ever, that buffing compounds on a single strand 
could be removed almost instantaneously. 
Based on this information, a pilot cleaning sec- 
tion for a continuous drawing line was designed 
and installed. This cleaning unit, shown in 
Fig. 4, is now cleaning wire on a continuous 
basis at speeds in excess of 1000 ft. per min. 


Eliminates Flash Pickling 


A potential application of ultrasonics is in 
the complete elimination of pickling acid 
which normally follows shot-blast descaling. 
Exerimental data collected on a pilot line run- 
ning at 120 ft. per min. indicate that extremely 
high levels of cleanliness can be obtained when 
steel sheet is ultrasonically cleaned rather than 
pickled after being shot-blasted. Subsequent 
rolling tests indicated satisfactory mill per- 


Fig. 5 — Comparison of Ultrasonic Cleaning 


With Alkaline Cleaning After Shot-Blasting 
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and 2 Sec. Ultrasonic Cleaning 
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formance. Up until this time, one of the major 
drawbacks to shot-blast descaling has been that 
flash pickling in 10 to 15% sulphuric acid is 
required to remove shot-blast residue and to 
give a desirable surface for rolling operations. 
Since the major purpose of shot-blasting is to 
eliminate the need for acid, its advantages are 
to a large extent circumvented by the need for 
flash pickling. 

Fig. 5 compares alkaline and _ ultrasonic 
cleaning at 120 ft. per min. in the same solution 
on the same strip. Total immersion time was 
4sec. Where ultrasonic energy was used, 2 sec. 
of presoak preceded 2 sec. of ultrasonic treat- 
ment. Fig. 6 shows the effect of insonation 
time on cleanliness of separate 1000-ft. coils 
of shot-blasted steel. Note the difference be- 
tween the two coils. Coil No. 1 had a much 
more uniform blast pattern and was definitely 
cleaner than coil No. 2 prior to entering the 
cleaning line. This points out again the neces- 
sity for evaluating each particular cleaning job 
on the basis of its own requirements. 


Costs Are Favorable 


Since costs are an important factor, a com- 
parison of flash pickling and ultrasonic costs 
was made for a theoretical shot-blast cleaning 
line for 36-in. wide, 0.060-in. thick strip, oper- 
ating at 60 ft. per min. For a flash pickling 
section following a shot-blast descaler, the 
initial investment for capital equipment is 
$70,000; for ultrasonic cleaning equipment it 
is $40,000. Operating costs for flash pickling 
are 49.6¢ per ton, while for ultrasonic cleaning 
they are 27.9¢ per ton. These operating ex- 
penses include depreciation, chemicals, main- 
tenance and utilities and are based on a 15-turn 


operating week. 8 


Fig. 6 — Effect of Insonation Time on Cleanliness 
of Shot-Blasted Strip. Coil No. 1 was cleaner 
than coil No. 2 before entering cleaning line 
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Vertical Furnaces Heat Treat 
Generator Rotors 


New metuops FOR FABRICATING more de- 
pendable generator rotors are constantly being 
devised. Now, comes the news that seven new 
vertical furnaces have recently been installed at 
the Homestead Works of United States Steel. 
Their new facilities, which include a quench 
tower and an upending cradle (see Fig. 1) as 
well as the furnaces, were built primarily to 
heat treat rotors in an upright position. ( Build- 
ers of generators feel that such treatment lessens 
the chances for residual stresses to occur. ) 

Housed in a spacious building 100 ft. high, 
the new furnaces burrow 35 ft. below the con- 
crete floor and rise 50 ft. above it. They can 
accommodate rotors and generators 40 ft. long 
and 60 in. in diameter. 

An unusual addition to the new setup is the 
upending cradle. Reminiscent of the space age, 
it is being used for the first time in the vertical 
heating process. In the process, the rotor is 
placed in the cradle when it is ready to be heat 
treated. As the photograph shows, the cradle 
then see-saws on an axis to raise the forging into 
“launching” position. When the part is vertical, 
an overhead crane can lift it from the upender 
and carry it across to a waiting furnace. 

The quenching tower, another reminder of 
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Fig. 1 — Generator Rotor Shafts Are Protected 
From Bending by This Upending Mechanism 
Which Is Part of a New Heat Treating Installa- 
tion. Prior to being heat treated in one of 
seven new vertical furnaces, the shaft is 
placed in the upender. Then the mechanism is 
tilted until the shaft is vertical, at which 
time an overhead crane carries it to the heat- 
ing furnaces. After being heat treated and 
quenched, the shaft can be easily returned to 
a horizontal position by reversing the process 
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rocketry, rises 75 ft. from a base at floor level. 
Resembling a missile launching superstructure, 
the tower has double doors, automatically oper- 
ated and opening along the entire height of the 
tower, to admit the generator rotor. Once in- 
side, the forging fits onto a rotating table, which 
spins it in air or water jets until it is cooled to 
the desired temperature. 


Remote Controlled Mill for 
Rolling Plutonium Alloys 


By A. I. NUSSBAUM* 


Pivront, one of the most toxic ele- 
ments in the world, is now being rolled with 
complete safety at the Hanford Works in 
Washington, which General Electric operates 
for the A.E.C. Their recently installed mill is 
designed to operate by remote control within 
a steel vessel which is airtight. The machine 
will be used to roll fuel elements in a variety 
of shapes for experimental nuclear reactors. 
The first fuel loading will comprise 85 ele- 
ments; 25 will contain plutonium fuel in the 


“*Vice-President, Loma Machine Mfg. Co., Inc., 
New York. 


form of plutonium-aluminum alloys, while the 
remaining 60 will contain uranium dioxide. 

Plutonium is an alpha-emitter of high toxicity, 
and has to be handled with extreme care. The 
greatest danger in handling plutonium is in 
the inhalation of plutonium-bearing dust. 
Plant ventilation requirements are so stringent 
that the air must not show a plutonium dust 
content greater than 7 X 10° micrograms per 
cu.m. of air. Another danger must also be 
guarded against. Since plutonium readily oxi- 
dizes in air and there is danger from spontan- 
eous combustion, it must be processed in an 
argon atmosphere. 

Unlike a conventional rolling mill, the new 
machine is completely enclosed in a steel hood, 
or “glovebox”. The entire hood is virtually a 
large vacuum vessel; it is evacuated to a pres- 
sure of 1 micron (mercury) before operation 
starts. It is then back-filled to atmospheric 
pressure with argon. Rubber glove techniques 
will be used in operating the mill, with the 
gloves being attached to the hood threugh ports. 
The extreme reach of these gloves is about 24 
in., and their working distance about 18 in. 

Since electric motors do not work well in 
argon (argon atoms are easily ionized and cause 
insulation breakdowns), both the main mill 
motor and auxiliary motors for screwdown and 
roll changing drives are mounted outside the 
hood to operate in air. 

As for mechanical details, the new machine 
is a 20-in. wide, two-high/four-high combina- 
tion rolling mill with 3-in. diameter work rolls 
and 14-in. diameter backup rolls. Rolls can 
be changed or replaced by a power-operated 
mechanism. This mechanism not only speeds 
changeover of rolls from two-high to four-high 
operation (and vice versa), but provides safe, 
remote control handling of rolls assumed to be 
contaminated beyond tolerance once they enter 
the mill enclosure. 

Interchangeable roll sets allow the mill to 
perform the various processing functions which 
would, in conventional practice, call for a two- 
high hot breakdown mill, a two-high cold inter- 
mediate mill, a four-high eold finishing mill, and 
a two-high rod rolling mill. 6 


Fig. 1 — Rear of Combination Rolling Mill 
Stand for Rolling Plutonium. Four-high roll 
set is in position, and drive spindle support 
is in foreground. When in Saran this 
stand is completely enclosed in a steel 
glovebox. An argon atmosphere is used 
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..... Liquid flame 
hardening plus spin quench 


Cuts Sprocket Hardening 
Costs 7 Gq % -- for Chain Belt Company 


SALT BATH FURNACES 


Internally heated electric and gas-fired types 


By spinning gears and sprockets in salt at 1750° F to harden, 
then spinning them again to quench, the Chain Belt Company 
of Milwaukee has scored a marked improvement in hardening 
penetration and uniformity plus an equally remarkable 
reduction in heat treating costs. 

Sprockets range from 8” to 40” in diameter and include 
a wide variety of shapes, sizes and thicknesses. They are 
either machined from plate, drop forged or cast. 1040 to 
1053 steels are uniformly hardened to 50, 55 or 60 Rc as 
desired—with 20% deeper penetration, with no soft spots and 
with negligible distortion. 

With the sprockets fixtured in a specially designed Ajax 
unit, immersed up to their rims and spun at predetermined 
speeds, the teeth are selectively hardened to 14” beyond their 
root diameter and with no adverse affect or “run out” on 
either hubs or webs. Root hardness pattern can be controlled 
or shaped to suit exacting requirements. 


HEAT TREATING PROBLEMS SOLVED! 


When you discuss heat treating matters with Ajax, you get full 
benefit of unmatched experience, not alone in designing the 
world's largest assortment of salt bath furnaces, but in helping 
you use them to best advantage in solving modern metallurgical 
and production problems. 


AJAX ELECTRIC COMPANY 


910 Frankford Ave. 
Philadelphia 23, Pa. 
An independent producer of salt bath furnaces exclusively 


PIONEERS IN SALT BATH HEAT TREATING PROGRESS 


AUGUST 1960 


Circle 775 on Page 48-8 
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The Earliest Days of 
Precipitation Hardening 


New York 

W. A. Mudge has produced a very 
commendable summary of the dis- 
covery and development of precipi- 
tation hardening in metals under the 
above title in the April issue of Metal 
Progress. However, none of his ref- 
erences or statements apply to any 
similar mechanism for the hardening 
of iron or steel. A casual reader 
might assume therefore that these 
metals are not hardenable in this 
manner, or that the process has not 
yet been discovered. 

With proper modesty, I would 
like to call attention to U. S. Patent 
1,943,595 issued to Francis B. Foley 
of Philadelphia, applied for on Sept. 
26, 1931 and issued on Jan. 16, 1934. 
It is entitled “Hardened Alloy Steel 
and Process of Hardening Same”. 
The underlying work was done some- 
time previously — 1928 or earlier. I 
went back to work for The Midvale 
[Steel] Co. in 1926 in charge of the 
research laboratory, and one of the 
first jobs I had to tackle was to find 
a heat and wear resistant steel for 
auto-engine valves to compete with 
Silcrome No. 1. A Ni-Cr-Al steel 
was the outcome and it was in this 
product that the precipitation hard- 
ening effect of the compound NiAl 
was discovered. 

The above-mentioned patent is, I 


believe, the first issued for the pre- 
cipitation hardening of steel and 
iron. The method of hardening 
many of the “PH types” of chrom- 
ium-nickel stainless steels follows the 
procedure described in the Foley 
patent. The May 1936 number of 
Metal Progress has an article by me, 
starting on p. 53, called “Nickel- 
Aluminum Compound — a Hardener 
for Steel”, which goes into a consid- 
erable amount of detail. 

Francis B. 

(Past-President, @) 
Development and Research Division 

International Nickel Co. 


Author's Reply: My story of pre- 
cipitation hardening ended in 1924. 
Due to space limitations, I did not 
attempt to cover ferrous metals. 


New Hardening Technique 


EINDHOVEN, NETHERLANDS 


In the February issue (p. 134), 
W. L. Steinbrenner raised a question 
regarding the values quoted in the 
article by E. M. H. Lips and H. van 
Zuilen in Metal Progress, August 
1954. This discrepancy apparently 
resulted from a mistake in convert- 
ing kg. per sq.mm. to psi. 

However, this does not mean that 
yield values as high as 400,000 psi. 
cannot be obtained by the new proc- 
ess of hardening steel. We are able 
to supply samples of an unalloyed 


carbon steel in narrow strip of 0.25 
mm. thickness which has, in fact, a 
yield strength of 400,000 psi., but at 
the same time has a lower value of 
elongation than the 12% quoted in 
the article by Lips and van Zuilen.* 
The values of vield strength and 
elongation can be influenced by 
varying the processing and also by a 
suitable choice of the steel quality. 
W. M. Hocenpoorn 
N. V. Philips’ Gloeilampenfabrieken 


Consumable Electrode 
Arc Furnace Control 


Orrawa, ONT. 


In the technical news section of 
Metal Progress, January 1960, p. 65, 
there was a brief description of a 
“new” development in the control of 
consumable electrode arc furnaces 
by means of an oscilloscope con- 
nected across the arc terminals. This 
method, however, is not exactly new. 
It was developed by Suiter, Landry 
and Kinsey at the Department of 
Mines and Technical Surveys, Ot- 
tawa, in 1957. Mr. Suiter? de- 


*An article discussing this harden- 
ing method, based on experimental 
results at Philips during the past 
year, is scheduled for the January 
1960 International Review of Metal- 
lurgy issue of Metal Progress. 

+“Some Effects of Pressure on 
Consumable Electrode Arc Melting”, 
Journal of the Electrochemical So- 
ciety, Vol. 106, January 1959, p. 47. 
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PERECO 


Carbon-Resistor type 


TUBE FURNACES 


NOW-- 


Precision Controls 

for Accuracy of 
Repeated é 

Firing Cyctes 


*Known by 
industry for 


Quality Equipment 


available in various sizes in 
both VERTICAL and HORIZONTAL types 


@ Precision controls with wide-range “turn-down” 


© Choice of extremely rapid, or any slower, cycle heat-up 


@ Interlocking FAIL-SAFE safety devices 


@ Radiation type controllers and saturable core reactor power package 


@ Temperature-controllable over exceptionally wide range 


@ Water-cooled electrodes with “FAIL-SAFE” feature 


Pereco Carbon Resistor-Type Furnaces were developed 
to meet the increasing demands of both industry and 
military for an approved unit suited for investigations 
in the ultra-high (3500°-5000° F.) temperature ranges 
in the field of either metallurgy or ceramics. Units now 
in use in leading laboratories are daily demonstrating 
their ability to repeatedly duplicate operating results with 


the utmost accuracy. Provided with horizontal push-rod 
ports — or pneumatic elevator-type load bearing column 
— either straight through or “in-place” firings (on pre- 
determined schedules) can be readily accomplished. 
This highly versatile equipment may be just what you are 
seeking for your high temperature investigations. Write 
today for further details and prices. 


It will pay you to keep in touch with Pereco. As part of their development program Pereco 
is currently working on some revolutionary new advances in ultra-high temperature equipment. 


SPECIFICATIONS FOR STANDARD MODEL PERECO “CT” SERIES FURNACES 


DIMENSIONS 


Overall (Approx.) 


Wide Deep 


Approx. Ship. Wt. 


CT-212 43” 90” 
CT-312 43” 90” 
CT-412 43” 90” 
*CTV-212 35” 45" 
*CTV-312 35” 45" 
*CTV-412 35” 45” 


assass 


Columbus 12, Ohio 


*"V" indicates the Carbon Tube is in a vertical position 


AUGUST 1960 


Dept. Q, 803 Chambersfocd 


Circle 776 on Page 48-B 
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Kw 5000" F. 5650 Ibs. 
61° Kw 5000° F. 5900 Ibs. 
Kw 5000° F. 6400 Ibs. 
nw 5000° F. 5450 Ibs. 
ll Kw 5000° F. 6100 Ibs. 
Kw 5000° _F. 6500 Ibs. 
| PERENY EQUIPMENT CO., INC. | | 
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Correspondence . . . 


scribed the method in an article pub- 

lished in January 1959 as follows: 
“During melting, the feed rate of 
the electrode was adjusted by the 
operator while observing the arc 
voltage pattern on a direct cur- 
rent oscilloscope . . . The desirable 
are length was such that the pattern 
on the oscilloscope indicated the 
presence of occasional, momentary 
dead shorts.” Regulation of the 
electrode feed has recently been 
made still more positive by the in- 
stallation of an electronic brake on 

the drive motor. 
H. V. Kinsey 
Physical Metallurgy Div. 
Dept. of Mines 
and Technical Surveys 
J]. Surrer 
Physical Metallurgy Div. 
Commonwealth Scientific & & 
Industrial Research Organization 
University of Melbourne 
Carleton, Victoria, Australia 


ip 


“‘MALLEABLE 
Leadersh 


“SYEEL 


ineering 


DETROIT 10, MICHIGAN TYLER. 4-5700 


43 Years Of Eng 


ALUMINUM 


HOLCROFT 


Space-Happy Bainite 


6845 EPwoRTH 


On 


Creating 


Baich Conveyor Rotary @ Car type @ Shaker Hearth 


Kansas Crry, Mo. 
During a routine micro check of 
some heat treated steel, I came 
across a bainite “rocket ship”, seem- 
ingly on its way to outer space. The 
micro was photographed at 3000 x. 
C. Patrick KENYON 


Chief Metallographer 
Sheffield Div. 
Armco Steel Corp. 


y of These Types 
Cerben-Restoration Forging Hardening Nermallizing 


Sintering « Tempering 


Annecting Brazing Carburizing Carbo-Nitriding 


For Any of These Processes: 


Sailer Type Walking Beam 
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Alabama Metallurgical Corp., Selma, Ala.: High-purity magnesium ingots ready for shipment; ALAMET also produces commercia! and alloy grades. 


L&N control facilitates magnesium reduction... 


.. at Alabama Metallurgical Corp., Selma, Ala., where thirty Electromax® controllers helped them swing 
into full production after only a few months of operation. Magnesium at this new plant is produced 
from briquettes of CaO, MgO, FeSi and CaF. which are reduced at 2150 F in evacuated retorts. Since 
startup in late 1959, Electromax has been consistently holding retort temperatures within + 5 F. Addi- 
tional instrumentation includes Speedomax*" H which is recording flue and feed-zone temperatures of the 
lime burner kiln, and controlling temperatures of magnesium bath for casting into ingot and pig. You’ll 
find L&N instruments providing equally dependable control for thousands of applications where heat is 
used ... helping to produce both process economies and a quality product. When such significant savings 
stem from such a modest investment, it pays to get the best. For details about L&N contrcls for 
modernization or expansion, contact your nearest L&N office or write 4927 Stenton Ave., Phila. 44, Pa. 


instruments Automatic Controls + Furnaces 


With Electromax holding retort temperatures within + 5 F, Speedomax G 
multiple-point recorders provide a permanent record of furnace temperatures. 
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Microhardness Test 
(Continued from page 97) 


noticed however, an initial increase 
in microhardness values with increas- 
ing load. This is followed by a 
range in which the hardness becomes 
independent of the load or decreases 
continuously to a constant value. 
This effect occurs with materials as 
soft as copper to fully hardened mar- 
tensitic steel. Before these studies 
were made, most engineers felt that, 
due to geometrically similar indenta- 
tions, the diamond pyramid hardness 
and the Knoop hardness should be 
independent of the load. 

Explanations of load dependence 
may be found in the design of the 
testing machine or testing procedure. 
Geometry of the indenter, vibrations, 
microscope, friction, surface prepara- 
tion and cold working (not to 
mention size of the indentation, 
elastic recovery, formation of a 
bulge, or other characteristics of the 
impression itself) can affect the 
microhardness reading in varying 
ways depending on the load. 

In microhardness tests it would 
seem likely that the load dependence 
is based, to some extent, on elastic 
recovery of the indentation after the 
load is removed. This is a factor 
with Knoop numbers, but experi- 
mental studies have indicated that 
elastic recovery of diamond pyramid 
indentations is too small to explain 
load dependence completely. 


z Another fact which must be con- 
sidered is that the shape of the DPH 
indentation often deviates from the 


square form. This is caused by the 


a formation of bulge at the sides of the 
indentation. The effect of load de- 
2 pendence can be reduced consider- 


k ably if the area of the indentation is 
igh temperature atmosphere and vacuum a computed from the original surface 
furnace muffle tubes! Radiant heat treating rather than from the surface due to 


question arises that the bulge acts 
Diameters to 10°; lengths to 72 depending to carry part of the test load so that 


on ceramic body. For temperatures to 3000” = it should not be excluded from the 
F; higher in smaller sizes. . 4 calculation. 

. It is the author's opinion that the 
apparent increase in hardness with 
decrease in load (in properly pre- 


pared surfaces, of course) is caused 
M ell by two contributing factors. First, 
. there are errors in the determination 


of the size of the impression and in 


cE REFRACTORY PORCELAIN COMPANY the elastic recovery of the indenta- 
BEAVER FALLS . PENNSYLVANIA tion. Second, as the size of the 
impression is reduced, a change in 


Write for information today! 
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STEEL MAKERS 
CAN DEPEND UPON 
PROMPT GLC SERVICE 


\ 


GLC electrode service technicians make it the rule rather 
than the exception to respond to a service call within 24 hours. 


Whenever a customer experiences an undue rise in electrode 
consumption, every resource of the GLC Electrode Division 
is at his command. 


GLC customer service technicians have had broad experience in 
melt shop practice and problems. Their record of prompt, effective 
service to electric furnace operators everywhere is striking 
evidence of their dedication to the customer’s welfare. 


We invite you to call upon the time and talents of these men 


whenever the need arises. 


can 


GREAT LAKES CARBON CORPORATION 


18 EAST 48TH STREET, NEW YORK 17, N. Y. OFFICES IN PRINCIPAL CITIES 
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Microhardness Test . . . 


hardness will result. It may be 
related to the stress-strain curve of 
the material, and the relation be- 
tween the size of the indentation 
and the constituents of the material. 

As far as the first premise is con- 
cemed, it is based on the work of 
D. R. Tate, L. P. Tarasov and N. W. 
Thibault, among others. Tate, in 
particular, attributed Joad depend- 
ence due to elastic recovery of the 


long diagonal of the Knoop indenta- 
tion. A study of the works of 
Onitsch, Hanemann, Biickle and 
many others led to the second con- 
clusion. Since these conclusions are 
far from complete, there is a real 
need for considerably more work to 
get a definite answer to the problem. 

From a practical standpoint, how- 
ever, load dependence is not as 
important as some may lead us to 
believe. The choice of load depends 
on the size and depth of indentation 
which is considered to be most de- 


MANUFACTURER OF PACKAGED 


HERE’S A REAL 
PROFIT PACKAGE 


for minimum volume gas users. . 


base, 


completely packaged gas generator that will produce alf the gas 
you want, when you want it, at lowest possible costs. Even 
minimum gas users have found they can amortize the cost of an 
efficient Gas Atmospheres system over a few short months. 

Gas Atmospheres builds factory assembled and tested pack- 
aged units for the production of reducing, nitrogen, carbon 
dioxide, hydrogen, inert and annealing atmospheres for use in 
the metal, food, petroleum and chemical industries—from 50 
cfh to 50,000 cfh. If you use gas why not make certain you have 
the most efficient operation possible. Call in your Gas Atmos- 
pheres engineer today or write direct to Gas Atmospheres, Inc., 


3855 West 150th Street, Cleveland 11, Ohio. 


THE NATION'S LARGEST 


GAS GENERATOR SYSTEMS it 


gas 
West 150M Street Cleveland 11, Ohio: 


Circle 781 on Page 48-B 


sirable. Generally, the indentation 
is made as large as practicable to 
obtain the greatest accuracy possible. 
As long as a single load is used 
throughout a study, the load de- 
pendence takes on less significance. 
Using different loads in any particu- 
lar investigation alters the hardness 
numbers as measured. The lighter 
the load, the more significant the 
change. As a general rule, any 
comparison of Knoop hardness num- 
bers with loads under a value of 500 
g. (or DPH under a value of 100 g. ) 
is incorrect unless the load depend- 
ence of the is clearly 
pointed out. In other words, indi- 
cate the load used when listing 
Knoop or DPH numbers. 

In the United States, testing 
engineers and metallurgists are 
familiar with hardness values in 
terms of Brinell or Rockwell. When 
using the Knoop hardness system 
(and to a lesser extent the diamond 
pyramid hardness system) for micro- 
hardness testing, the question 
naturally arises whether to convert 
from one hardness value to another 
which is more familiar. 

It must be kept in mind that no 
conversion is mathematically correct 
or exact. Different instruments us: 
different penetrators and loads. The 
result, of course, is different cold 
working of the material under test. 
Also the degree of previous cold 
working will affect the indentation 
hardness, and consequently the con- 
version to different scales. Further- 
more, a light testing load will in- 
fluence rated hardness in both 
the Knoop and diamond pyramid 
hardness tests. 

If an approximate relation between 
the macro and value is 
desired, the results should clearly 
indicate that the values were ob- 
tained by conversion. Also micro- 
hardness values should not be con- 
verted unless the applied load is 
500 g. or over for the Knoop test, 
and 100 g. or over for the DPH test. 

The important features of micro- 
hardness testing which are covered 
in this article must all be considered 
when applying the method in the 
field. Though it is a somewhat 
meticulous process, requiring care- 
ful, exact manipulation, it can be 
useful in many industrial areas. The 
second part of this two-part article, 
which will be in next month’s issue, 
discusses several applications for 
microhardness testing. 


hardness 


micro 
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APPLICATION 


ATMOSPHERE 


Pusher Type 
Malleabilizing 
Furnace 


Walls lined with B&W K-23 
Insulating Firebrick backed with B&W 
K-20 IFB. Roof construction—9’-0” 
wide sprung arch of B&W K-23 IFB. 


RESULTS 


No major rebuilding in 21 years. 


Radiant Tube 
Annealing 
Furnaces 


40% CO 


Malleable Iron 
Company 


Bases lined with 7” Kaocrete-A, 
backed with 6” Kaolite-20. Base 
size—21'-9%” x 9'-9%”. 
Temperature 1550 to 1600 F. 


In service 11 years. Reducing 


atmosphere has no effect on the base. 
All portable annealing furnace 
bases in plant lined with B&W 
castables. Maintenance costs reduced 


greatly. 


Bell type covers lined with 9” B&W 
K-23 IFB standard shapes in the 
arch, side and end walls. 132” K-23, 
with Kaowool, is used around the 
radiant tube openings. Cover is 
22’-6” x 10’-5¥2” outside x 8’-42” 
to top of arch. 


After approximately 6 years of 
service, lining showed no disintegra- 
tion from reducing atmosphere. 


Radiant Tube 
Annealing 
Furnace 


65% CO 


Base lined with 5/2” Kaocrete-A 
and 314” Kaolite-20 on top of 52” 
of block insulation. Base size 

21'-9” x 9’-9”. Temperature 1700 F. 


Formerly heavy firebrick linings 


required rebuilding yearly. B&W 
castable construction has given more 
than 9 years’ service. Customer 


standardized on B&W castables. 


Elevator Type 
Annealing 


100% No 


and Furnaces 


100% 


Large Steel Co. 


Walls lined with 9” B&W K-23 
IFB plus 3” K-20 IFB. Furnace 

size 6’-0” x 16’-0” x 4’-0”. 
Temperatures in excess of 2100 F. 


B&W refractories show no sign of 
deterioration in six furnaces of this 
type in 3 years’ operation. Barring 
mechanical damage, refractories 
should give long additional service. 


Rectangular 
Hood Type 
Annealing 
Furnaces 


100% H2 


60 Furnaces, 24 have wall construc- 
tion consisting of 18” B&W K-26 

IFB plus 22” K-1620 IFB. 36 units 
use wall of 9” B&W K-26 IFB plus 
5” K-1620 IFB. Furnace size—12’-0” 
x 8’-6”. Temperature 2150 F. 


Of the 60 covers in service only 2 
were rebuilt after 2 years’ service. 
Plant masonry superintendent 
reports no shrinkage; estimates 

15 years’ additional life if not 


for mechanical abuse. 


ae 
PROOF: B&W Refractories withstand 
CO and He prepared atmospheres 
i: 
im * 
| 
| 
See THE BABCOCK & WILCOX COMPANY 
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Samuel F. Carter, Jr. 


Three ASMembers were awarded 
the highest honors of the American 
Foundrymen’s Society—the A.F.S. 
Gold Medals—at the Society’s annual 
meeting. 

SAMUEL F. Carter, JR. @, assist- 
ant works manager of the American 
Cast Iron Pipe Co., Birmingham, 
Ala., was presented the William H. 
McFadden Gold Metal for “excep- 
tional contributions to A.F.S. and the 
castings industry in the fields of 
cupola melting, electric steel melting 
and control”. After receiving a de- 
gree in industrial chemistry at Bir- 
mingham Southern College, he 
earned his M.S. degree in metal- 
lurgy at the University of Wisconsin 
in 1941, and then joined American 
Cast Iron Pipe. Beginning as chem- 
ist and metallurgist, he moved up 
rapidly through plant supervisory 
positions to assistant works manager 
in 1955. 

The Thomas W. Pangborn Gold 
Medal was awarded to W. W. Levi 
©. metallurgical consultant in Rad- 
ford, Va., for “outstanding contribu- 
tions to the .. . ferrous castings 
industry in the fields of cupola metal- 
lurgy, research and operation”. 

After his graduation from the Uni- 
versity of Michigan with a degree in 
chemical engineering in 1926, Mr. 
Levi turned his energies to the cast- 
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W. W. Levi 


ing field, concentrating on gray iron 
and malleable foundries. 

Following eight years at Deere & 
Co., he joined Lynchburg (Va.) 
Foundry Co. He was chief metal- 
lurgist at the Lynchburg and Rad- 
ford plants when he left in 1959 to 
form his own consulting company. 

The Joseph S. Seaman Gold Medal 
for “outstanding technical contribu- 
tion to the Society and light metals 
industry over many years, particu- 
larly in alloying and castings” was 
received by T. D. Stay @, techni- 
cal advisor to the president, Reyn- 
olds Metals Co., Cleveland, Ohio. 

Mr. Stay, one of the pioneers in 
technical development in the non- 
ferrous and sand fields, began work- 
ing on cast light metals in 1914 
after graduation from Case School 
of Applied Science (now Case In- 
stitute of Technology). His years 
of research have resulted in many 
innovations in molding, casting and 
fabrication as well as ingot casting 
and forging methods, and he has 
many patents in the light metals 
field. 

His affiliations have included Na- 
tional Transit Pump and Machine 
Co., Aluminum Castings Co., and 
nearly 25 years with Aluminum Co. 
of America. Since 1944, he has 
held his current position. 


T. D. Stay 


Two Awards of Scientific Merit 


(both to ASMembers) were also 
made during the A.F.S. meeting. 

Georce P. HaLurwe @, direc- 
tor of research, H. Kramer & Co., 
Chicago, IIl., was recognized for his 
“noteworthy achievements in the 
field of brass and bronze casting, and 
for outstanding technical services to 
the Society”. Mr. Halliwell, asso- 
ciated with the foundry industry and 
Kramer since 1936, has contributed 
greatly to progress in the copper- 
base alloys, including acceptance of 
the product by industry. 

Georce A. Timmons @, vice- 
president, Climax Molybdenum Co. 
of Michigan, Ferndale, Mich., was 
honored for “notable contributions 
and services to A.F.S. and the fer- 
rous foundry industry in the field 
of heat treatment and alloying of 
gray iron”. Associated with Climax 
Molybdenum nearly 25 years, he did 
much to help transform the art of 
metal founding into a cast metals 
science. 

Two Service Citation Awards for 
outstanding general service of a non- 
technical nature were accorded to 
M. Bact, Jr. @ and Vic- 
tor E. Zanc @. Mr. Ball, metal- 
lurgist and foundry consultant for 
R. Lavin & Sons, Inc., Chicago, was 
honored for “service to A.F.S., its 
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 CASTINGS-FOR 
H igh Temperatu re 


SERVICE 


HEAT Mays 


Fahrite castings withstand thermal shock at 
high temperatures ... and deliver first-class 
performance ond fong service under tough 
conditions. 


Send us the date oa your heut treating cperc- 
tion, Our engineers can design and produce 
the proper grade Fobrite castings with off 
the chor acteristics to meet your needs. A few 
typical examples: 

Centritegally Cost Tubes 

Rediant Tube Assemblies 

Sells and Rolltors 


Fixteres 


Retort: 


THE OHIO STEEL FOUNDRY CO. 


Plants at Springfield and Lima, Ohio SPRINGFIELD, OHIO 


AUGUST 1960 
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132 TON EQUALIZING AXLE 
from BLUEPRINT to FINISHED PART 
by FINKL 


This 27,000 pound steel forging,* made to sup- 
port a million pound load, was completely 
manufactured from molten steel to a finished 
machined part in the Fink! shops. 

A 115,000 pound electric furnace steel ingot 
was cast, forged, hot cut and heat treated, fol- 
lowed by hundreds of hours of rough and fin- 
ished machining. Then the square section was 
heated to accept the horizontal part to complete 
the shrinking operation to make this equalizing 
axle. 

Finkl is well-equipped to engineer and pro- 
duce a wide range of forged parts... our sales 


ee hey engineers will be pleased to talk to you about 
s af your forgings, hot work steels and die block needs. 
§ *Replaced a casting 
D ¥ Manufacturers of the 
© largest forgings in the Middle West 


A. Finki&SsonsCo. 


2011 SOUTHPORT AVENUE + CHICAGO 14, ILLINOIS 


Offices in: DETROIT CLEVELAND «+ PITTSBURGH INDIANAPOLIS HOUSTON 

ST. PAUL * COLORADO SPRINGS + SAN FRANCISCO « SEATTLE * BIRMINGHAM * KANSAS CITY 

BOSTON + LOS ANGELES Warehouses in: CHICAGO * DETROIT » BOSTON + LOS ANGELES 
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Personals . . . 


chapters and the nonferrous castings 
industry over many years”. His 
broad practical experience, spanning 
nearly half a century, has made it 
possible for him to give over a hun- 
dred talks before A.F.S. groups on 
almost every subject of interest to 
foundrymen. 

Mr. Zang’s citation reads “for tire- 
less and continuous effect on behalf 
of A.F.S. and the steel casting indus- 
try in promotion of cooperative tech- 
nical endeavor”. Vice-president and 
director of research at Unitcast 
Corp., Toledo, Ohio, he has been a 
national A.F.S. director and organ- 
ized the Toledo Chapter. 


John Hood © — from foundry en- 
gineer, Atlas Foundry, Richmond, 
Calif., to foundry manager, Super 
Mold Corp., Lodi and Stockton, 
Calif. 


Armold Roth @ — currently chem- 
ical engineer in the product devel- 
opment department of the Riverside 
Cement Co., Crestmore Div. of the 
American Cement Corp., located in 
Riverside, Calif. 


Paul L. Daley @ — from assistant 
director of research and develop- 
ment to manager, research labora- 
tory, National Tube Div. of U. S. 
Steel Corp., Pittsburgh. 


David G. Miller, Jr. @— from 
U. S. Steel’s Irvin Works to the Van- 
dergrift (Pa.) plant as supervisor, 
product metallurgist in the stainless 
division. 


C. R. Funk @ — from manager of 
metallurgy and engineering, Alco 
Products Inc., Latrobe, Pa. 


Henry H. Hubble @ — transferred 
from Hanford Atomic Products Op- 
eration of General Electric to Knolls 
Atomic Power Laboratory in Sche- 
nectady, N. Y., as project engineer 
in the materials development oper- 
ation-irradiations testing operation. 


Robert I. Jaffee @ and George K. 
Manning @ — named technical man- 
agers in the department of metal- 
lurgy, Battelle Memorial Institute, 
Columbus, Ohio. 


John T. Venard @ — from Purdue 
University to the staff of the Oak 
Ridge Gaseous Diffusion Plant, Oak 
Ridge, Tenn. 
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Continuous and Batch 
Rotary Furnaces 


Pot Furnaces 


Hand Blow Pipes 


Co a Bench 
Forges 
race Co been manufactur- 


tg Only the very finest of heat 
treating equipment and-acces- 


sories for every conesivable EE 
type of metal treating: for al! 

ny 
phases of American industry ak 


Regardless of your needs .. 

automatic or manual... iarce 
pieces of small... complet: 

automatic production fines 
well made smal! accessories 
there is a quality AGF produc 
to fili the bill — Write naw for 
the new and compiete fiitne 
and burner ee 


Ammonia 
Dissociators 
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Picture-in-a-minute photomicrography 
with the AO METALLOGRAPH 


focus... SNAP IT 


| 


SEE | 7 ...in just 60 seconds 
With the AO Metallograph you perform every operation while sitting comfortably at 
a modern desk. You can take notes, change magnifications, orient specimens, make expo- 


sures, all with unbelievable speed and ease. A coupled visual and photographic system 
makes photomicrography easy and routine. 


AO’s “Workhorse” Metallograph combined with the Polaroid Land Camera back gives 
you photographic prints in just 60 seconds. A truly unbeatable combination for quick, 
precise visual observations and “picture-in-a-minute” photomicrography. 


While you examine the specimen through the eyepieces the image at the film plane is 
focused automatically. You simply snap the shutter...see the Polaroid print in just 60 
seconds. This photographic record is permanent, can be filed for review anytime, anywhere. 


The Metallograph camera aperture also will accommodate a regular 5” x 7” fixed camera 
back. In addition to 5” x 7” film, you can use 4”x 5” and 3%” x 4%” plates or cut film by 
means of adapter film or plate holders. For further information mail handy coupon. 


American Optical *° | 
@ Company | 
ee DIVISION, BUFFALO 15, NEW YORK City. Zone__State_____ | 


IN CANADA write — American Optical Company Canada Ltd., Box 40, Terminal A, Toronto, Ontario 
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Personals . . . 


Heinz E. Heise © currently 
metallurgical engineer for Texas In- 
struments Inc. 


Stuart A. Smith © — appointed 
general sales manager of the tool 
and instrument division, Illinois Tool 
Works, Chicago. 


Antonio F. Hocqua @ — after 42 
years as a metallurgist and in allied 
work with the American Steel Wire 
Div., U. S. Steel Corp., retired to a 
life of leisure and occasional fishing 


trips on Cape Cod. 


Lowell R. Patterson & — from as- 
sistant chief metallurgist to chief 
metallurgist, Quincy, Ill., facilities of 
Gardner Denver Co. 


Robert F. Ayres @ — to technical 
director of Dunham Chemical Co.., 
a subsidiary of Chemetron Corp., 
directing the activities of the com- 
pany’s research laboratories in the 
Chicago area. 


Bernard Ring former vice- 
president and sales manager of Gen- 
eral Ceramics Corp. of Edgewater, 
N. J., now supplying foundries with 
mischmetal and other rare earth 
metals from Bernard Ring Inc., 
located in New York. 


Wesley C. Harvey @ — transferred 
from ingot casting metallurgist in 
Lafayette, Ind., for Alcoa to the 
Davenport, Iowa, foil mill as foil 
mill metallurgist. 


Harold C. Buckelew, Jr. @ — now 
a sales development engineer in the 
technical service and development 
department of Dow Metal Products 
Co. Div., Dow Chemical Co., Mid- 
land, Pa. 


W. E. Day, Jr. @ — retired after 
28 years at Mack Trucks as chief 
metallurgist and 11 years as director 
of research. Now consultant to Mack 
Trucks and several other concerns. 


Hans Conrad @ — from Westing- 
house Research Laboratories to sen- 
ior technical specialist in the solid- 
state and metallurgy group, research 
department, Atomics International, 
Canoga Park, Calif. 


Robert W. Dolan © — formerly 
with Westinghouse Electric Corp., 
now a graduate student in metal- 
lurgy at Pennsylvania State Univer- 
sity, University Park, Pa. 
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for all electroplating and 
metalfinishing equipment 


SINCE 


1899 


RECTIFIERS 


Silicon @ Selenium 


Automatic equipment and systems for continuous or 


batch metal finishing...from the “compact-a-matic” Dependable DC power for 
for precision plating of small components with lim- electroplating, electropol- 
ited production...to the world’s largest automatic pee ipa = 
plating installation occupying 180,000 square feet... Units from 25 to 50,000 
MEAKER has been the preferred source since 1899. amps with manual, auto- 


matic and remote controls 
“custom-engineered” to 
your requirements — at no 
premium in cost. 


JET PLATER® 


For Precision High-Speed 
Precious Metals Plating 
The complete precious 

metals plating facility in a er 
single compact cabinet can ping fe 
be used for either rack or 
barrel plating... perfect for 
precision-plating of critical 
electrical or electronic 
parts, specification precious 
metals plating or “pilot 
plant” set-ups. 


Sel SOLUTION 

FILTERS 
Portable and mobile units for 
all liquid clarification needs. 


1) 600 Series—PRE-MET 
FILTERS. Guaranteed 


Partial view leak-proof operation—fiow 

Se rates from 25 to 800 GPH. 

platin: 2) Double-duty Series — 

installation New stainless steel mesh 
element which doubles ef- 
fective filtration area— 1 


flow rates from 250 to 
18,000 GPH—greater ca- 


THE MEAKER COMPANY 


Subsidiary of Sel-Rex Corporation 


Nutley 10, New Jersey 


Factories and offices Chicago 50, IIl., and Nutley 10, N. J. 
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CUTS COSTS 


e Variable Speed Plate Machine 
e 200 inch-pound Rotating Beam Machine 


... can be placed on the same bench .. . and 
used to perform a wide variety of tests. 


Two small testing machines that deliver big results: that’s what 
you get with the units pictured above. 


The Tatnall-Krouse Variable Speed Plate Machine provides fatigue 
testing capability of wide versatility in one compact package. Length of the 
specimen can be 2” - 24’. And with a few attachments, you can test plastics 
... apply either combined or direct stress . .. and run tests under extremely 
high temperatures (1800°F). Bench space required for the unit is only 
36” x 30”. 

The Tatnall-Krouse Rotating Beam Machine can test a wide variety of 
materials with great precision under reverse bending stresses. The unit 
eliminates expensive machining required with ordinary taper shank or press 
fit specimen because the specimen is a simple straight shank type . . . slashes 
set-up cost by 75%. What’s more, space requirements are a mere 42’ x 15”. 


You can reduce your testing costs with these and other Tatnall or 
Tatnall-Krouse fatigue and stress testing machines. We will be glad to help 
evaluate your testing requirements and select the equipment which best 
meets your needs. Why not send for detailed information... today. 


INSTRUMENTS a A 


THE BUDD COMPANY - P.O. Box 245 + Phoenixville, Pa. 

Consult your phone book for sales offices in: Atlanta, Ga.; Oak Park, IIl.; Detroit, 

Mich.; Seattle, Wash.; Dallas, Tex.; Los Angeles, Calif.; San Francisco, Calif. 

In Canada 

Tatnall Measuring and Nuclear Systems, Ltd., 46 Hollinger Rd., Toronto 16, Ont. 
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Personals . . . 


Robert H. McCreery © — now 
chief metallurgist, Portland Forge, 
Inc., Portland, Ind. 


John A. Wheeler, Jr. @— from 
Illinois Institute of Technology to 
metallurgy division, fundamental re- 
search section, Oak Ridge National 
Laboratory. 


Victor Yanisch, Jr. @ — from tech- 
nical engineer, aircraft nuclear pro- 
pulsion department, General Electric 
Co., Cincinnati, Ohio, to product re- 
search and development engineer, 
thermoelectric products, Minnesota 
Mining and Mfg. Co., St. Paul, 
Minn. 


Charles E. Smeltzer, Jr. @ — from 
metallurgist, high-temperature alloy 
development, Carpenter Steel Co., 
Reading, Pa., to research engineer, 
Solar Aircraft Co., San Diego, Calif. 


Billy F. Schaible @ — now sales 
engineer for the Kansas City, Mo., 
sales area for Foxboro Co. 


Paul R. Totten @ — from superin- 
tendent, sheet division, Allenport 
Works, Pittsburgh Steel Co. to man- 
ager of the Cleveland Works of 
Chase Brass and Copper Inc. 


John B. Haugert, Jr. @ — now re- 
lief foreman in the machine and 
forge shops, central maintenance, 
Fairless Works, U. S. Steel Corp. 


W. L. Bruckart @ — formerly man- 
ager of sales, refractomet division, 
Universal-Cyclops Steel Corp. Now 
consultant on refractory and reactive 
metals and other special materials. 


Rollin E. Hook & — recently sep- 
arated from the U. S. Air Force 
where he was assigned to the metal- 
lurgy and ceramics research branch, 
aeronautical research laboratory, 
Wright-Patterson AFB, Ohio. Now 
holds the same position as a civilian 
employee. 


Justin Blay @ — from metallurgist, 
North American Aviation, Columbus, 
Ohio, to metallurgist, Selas Corp., 
Dresher, Pa. 


Robert E. Bradford @ — now man- 
ufacturing development engineer in 
headquarters engineering for West- 
ern Electric Co., Winston-Salem, 
N. C., working on thin metal film re- 
sistors and capacitors and integrated 
circuitry. 
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Pint size, king size, every in-between size. Now 
Bethlehem forges every hardened steel roll from 
vacuum-degassed steel. 


Pioneer in “vacuum casting” 


Bethlehem pioneered the development and 
use of vacuum-degassed ingots for highly 
stressed applications in the electric power, 
atomic energy, and other industries. 

Our advanced steel-pouring techniques now 
permit us to pour molten steel from a furnace 
ladle to a secondary ladle within a vacuum 
chamber, and thereby remove harmful gases 
(we can also pour directly into a mold in the 
vacuum chamber). The secondary ladle is then 
taken out of the chamber and ingots of suitable 
size for hardened steel rolls can be cast under 
a blanket of inert gas. 


Less gas means sounder steel 


Because the vacuum-casting method reduces 
the volume of hydrogen and other gases, the 
steel is sounder, tougher, and cleaner than air- 


Bethlehem 
vacuum-degassed steel 
minimizes the hazard roll breakage 


cast steel. It is this greater internal soundness 
which reduces the hazard of roll breakage. 


Over 350 rolls now in service 


In the past several years, we’ve produced 
and shipped over 350 large, vacuum-degassed 
hardened steel rolls. The outstanding perform- 
ance of these rolls confirms our own production 
experience, which clearly proves the superior 
soundness of vacuum-cast rolls as compared to 
air-cast rolls. 


Fast delivery ... no extra cost 


You have everything to gain (less roll break- 
age), nothing to lose (no price extra) by making 
your next purchase of hardened steel rolls 
Bethlehem vacuum-degassed rolls. Deliveries 
are excellent. Our sales offices are ready to give 
you the whole interesting story of this new 
Bethlehem development. Call or write the 
office nearest you today. Or write to us at 
Bethlehem, Pa. 


TV TELLS HIM WHAT'S GOING ON. One TV 
camera peers inside the high-vacuum chamber 
into which the hot steel is gushing and shows the 
stream coming from the furnace ladle (top screen). 
Another camera, whose picture appears on the 
bottom screen, shows the action of the hot steel 
as it flows into either the secondary ladle or the 
mold set up inside the vacuum tank. 


STEEL IS TAPPED from the furnace into the 
furnace ladle. The furnace ladle is then at- 
tached to the vacuum tank, and the molten 
metal pours through a vacuum-tight seal into 
either a secondary ladle or a mold inside the 
degassing chamber. If poured into a ladle, 
ingots can be subsequently cast from this ladle 
under a blanket of inert gas. 


ULTRASONIC SOUND WAVES, pitched so 
high you can't hear them, penetrate every 
inch of the Bethlehem vacuum-degassed roll 
you see here. The woves relentlessly search 
out any possible inner discontinuities which, if 
present, would be indicated on the screen. ° 
When the Bethlehem inspector gives his OK 
you can rely on the soundness of that roll 
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BETHLEHEM VACUUM-DEGASSED ROLLS are made for every application—cold-rolling steel sheet, strip, tinplate, and non-ferrous metals. 
Every roll meets your specifications exactly on size, shape, hardness, and finish. 


LE 
BETHLEHEM STEEL ru 


| 


CHECKING EVERY DETAIL is more than a routine habit in the making of Bethlehem vacuum-degassed forged rolls. It's done with an extra 
measure of thoroughness, extra care—from the analysis of the steel to the critical inspection of the finished product. 


a These are the new symbols of quality for hardened-and-ground forged steel rolls 


LOOK FOR THIS LABEL on the packing of the hardened steel rolls LOOK FOR THIS "V" STAMP on the ends of the rolls you buy... . 
you buy. It’s your guarantee that your rolls are forged from Beth- "V" is for vacuum. You'll find this permanent identification on every 
lehem vacuum-degassed steel . .. steel that minimizes the hazard of Bethlehem roll from now on... because from now on Bethlehem 
roll breakage in your plant. forges hardened steel rolls only from vacuum-degassed steel. 


For strength 


-.. eConomy BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 
re versatility Export Distributor, Bethlehem Steel Export Corporation 


BETHLEHEM STEEL 


™ 
gETHLEHE 
STEEL 
Cites 


Here’s the fast, economical way to 
protect vital parts and equipment 
against temperatures up to 4600°F 
. .. extreme abrasion . . . electrical 
energy . . . erosion and corrosion. 
Simply apply ROKIDE Ceramic Coat- 
ings — hard, crystalline refractory 
materials — which provide positive 
protection. 

ROKIDE Coatings are supplied in 
rod form as “Z’’ Zirconium Oxide, 
“A” Aluminum Oxide, “‘C’’ Chrome 
Oxide, ‘‘ZS’”’ Zirconium Silicate, and 
“MA” Magnesium Aluminate. To 
apply, rod is heated and the molten 
particles projected at high velocity 
against the prepared surface, where 
they adhere and solidify. 

ROKIDE Coatings are extensively 
used for both military and industrial 
applications such as: missile com- 


Protect modern metals 


and materials 
with ROKIDE” Ceramic Coatings 


ponents, bearing surfaces, extrusion 
dies, furnace and feed rolls, induction 
coils, igniter tips, strain gages, buffing 
fixtures, mechanical seal rings, pump 
shafts, capstan wheels, impellers, 
crucibles, etc. 

ROKIDE Coatings are available from 
a number of strategically located job 
shop applicators or direct from 
Norton Company, Worcester, Mass., 
and Santa Clara, California. Find out 
how they can cut your maintenance 
and production costs. NORTON CoM- 
PANY, 327 New Bond Street, Wor- 
cester 6, Massachusetts. 


*Trade-Mark Reg. U. S. Pat. Off. and Foreign Countries 


Write for full details on the TON 
ROKIDE Coating Process. 
REFRACTORIES 
Engineered... R ... Prescribed 


75 years of... Making better products...to make your products better 
NORTON PPODUCTS: Abrasives + Grinding Wheels + Machine Tools + Retractories + Electre-Chemicals — BENR-MANNING DIVISION: Coated Abrasives + Sharpening Stones + Pressure-Sensitive Tapes 
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Always ready for new problems to solve 
with this specialized Bausch & Lomb team 
for simultaneous micro and macro studies: 
the Research Metallograph and Model L 
Photomacrographic Equipment. 

Saves all the time that used to be wasted 
in switching a single set-up from high pow- 
er to low power and back again for each 
different job. 

Could save lots of valuable time in your 
laboratory, too. Mail coupon for complete 
details; demonstration on request. No ob- 
ligation, of course. 


BAUSCH & LOMB INCORPORATED 
84908 Bausch Street, Rochester 2, N. Y. 
() Please send Catalogs E-240 and E-210. 


(CO I'd like to see this specialized team in action. 
Please arrange demonstration. 


TITLE 


COMPANY 


ADDRESS 


city 
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RESEARCH METALLOGRAPH assures 
complete identification; illumi- 
mates specimens four ways: 
dark field, bright field, phase 
contrast, polarized light. 

ge-over is quick and easy. 


MODEL L PHOTOMACROGRAPHIC 
EQUIPMENT with B&L Macro 
Stage gives highest quality low- 
power work. Popular 5” x 7” 
camera with 30” bellows draw 
will handle a wide range of 
macro specimens. 


BAUSCH 6 LOMB 


Personals . . . 


W. E. Benninghoff ©, vice-presi- 
dent and TOCCO Div. General 
manager, Ohio Crankshaft Co., 
Cleveland — elected president of the 
Industrial Heating Equipment Assoc. 


Harold T. Clark @ — from direc- 
tor of research to the newly created 
post of administrative director, re- 
search and development department, 
Jones & Laughlin Steel Corp., located 
in Pittsburgh. 


Glenn F. Whitely @ — appointed 
assistant to the president of Howe 
Sound Co. 


Rudolf H. Hertzog @ — from met- 
allurgical engineer in the wire mills 
of John A. Roebling Sons Div. to 
general product manager. 


Frank Adgate @-— now welding 
engineer for Lockheed Aircraft Mis- 
sile and Space Div. and Special 
Projects Div., Burbank, Calif. 


Robert H. Henke @ — from Alle- 
gheny Ludlum Steel Corp.’s Breck- 
enridge (Pa.) plant to assistant dis- 
trict manager, central alloy district, 


Republic Steel Corp. 


Charles Wurms @-—from Ar- 
gonne National Laboratory to met- 
allurgical engineer in the newly in- 
corporated General Telephone and 
Electronics Laboratories (formerly 
Sylvania Electric Laboratories), Bay- 
side, N. Y. 


Harold James Henning @ — from 
Wyman Gordon Co. to principal 
metallurgist, light metals division, 
Battelle Memorial Institute, Colum- 
bus, Ohio. 


Bennett Bovarnick @ — from chief, 
sintered metals and ceramics branch, 
Rodman Laboratory, Watertown 
(Mass.) Arsenal to senior research 
staff, research division, Raytheon 
Co., Waltham, Mass., where he is 
conducting research and develop- 
ment operations on high-temperature 
materials. 


Melvin Cain @ — now plant man- 
ager of Lansing Co., Lansing, Mich. 


C. M. Miller @ — from manager 
of quality control, Westinghouse 
Bettis Atomic Power Laboratory to 
consultant on quality contro] at the 
Westinghouse Electric Corp. head- 
quarters in Pittsburgh. 
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From a small furnace to a tall furnace 
Hevi-Duty helps you find the value solution 
to your heat treating problems 


Each of the Hevi-Duty furnaces shown below delivers 
the value solution to a heat treating problem—the solu- 
tion combining comprehensive design and industrial 
engineering with soundly built and tested equipment— 
the solution that pays off in increased production and 
extended economic life of equipment. 


In each case, Hevi-Duty drew from its experience in 
solving thousands of industrial heat processing problems 
for all types of applications. 


In each case, Hevi-Duty offered equipment from 
industry’s most complete line of electric and fuel-fired 
furnaces and ovens. (Where stock designs or adaptions 
won’t do, Hevi-Duty custom-engineers equipment—from 


A Merit Corp., Milwaukee, Wis., uses a Hevi-Duty tube fur- 
nace to maintain precise temperatures in laboratory quality 
tests on briquettes used by foundries as an additive to gray 
iron melts. Two-stage combustion operation on crushed sam- 
ple burns off free carbon at 1679°F, total carbon at 2471°F. 
For more complete information, please write for Bulletin 254. 


Superior Metal Treating Corp., Muncie, Ind., uses two 
Hevi-Duty automatic Clean-Line furnaces 24 hours a day, 
5 days a week for carburizing, carbonitriding and bright 
hardening. Temperatures range to 1925°F. The load-transjer 
mechanism is outside the heating chamber, reducing equip- 
ment maintenance. For more data, request Bulletin D-100. 


aw 


laboratory furnaces to huge field-assembled furnaces. ) 


Case histories by the hundreds testify that it makes 
profitable sense to call in your Hevi-Duty sales engineer 
to help find the value solution to your heat treating 
problems. 


A Division of 
Electric and Fuel-Fired Basic Products 
Industrial Furnaces and Ovens ; Corporation 
Hevi-Duty Electric Company, Milwaukee 1, Wis. 
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This Hevi-Duty traveling, double-end, box furnace provides 
+10°F control at temperatures to 1850° F for bright tempering 
and stress relieving stainless steel jet engine weldments. This 
furnace is in continuous operation. User reports brightness 
improves during process. Unit provides bell-furnace mobility 
despite lack of head room. Please write for Bulletin 653. ¥ 
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--- Interpretative Reports of World-Wide Developments 


Tests for 
Notch Sensitivity 


Digest of “Current Tests for 
Evaluating Fracture Toughness 
of Sheet Metals at High Strength 
Levels”, by J. E. Campbell and 
W. P. Achbach, Defense Metals 
Information Center Report 124, 
Jan. 28, 1960, Battelle Memorial 
Institute, Columbus, Ohio. Sup- 
plementary information was 
added by the authors. 


HIS IS A REVIEW of the fracture 

toughness tests that have been 
developed for high-strength sheet 
metals. The many types are sub- 
divided into four groups: tensile 
tests, bend tests, bulge tests, and 
cylindrical tests. The first three 
groups include both notched and un- 
notched specimens. (The Data 
Sheet on p. 100-B was devised from 
the information im this report.) No 
one test has been recognized as a 
standard test (theugh a few are 
preferred), and correlation of test 
data with pressure-vessel perform- 
ance is very limited. 
Tensile Loading Tests 

Though tensile loading of notched 
or precracked specimens does not 
duplicate the conditions at a flaw 
in a pressure vessel, # can be used 
to evaluate the fracture toughness 
of materials. It also lends itself to 


137-C 


0.500” 


| 
8” 


Fig. 1 — Design for Hydrogen-Cracked Specimen 


stress analysis that can aid in 


[-0.225” interpreting the results. 


Most of the tests have 


Section Through 
Shear Cracked Area A-A tional Aeronautics and Space 


notches at the edges (the Na- 


Administration type, for ex- 
ample) or in the center (such 


/ 
Pen aad 1 as those used by the Naval 
) 


Edge View Research Laboratory ). In all of 


at Sheor Crack these, the main problem occurs 


in making the manufactured 

notch sharp enough so that 
slow crack propagation occurs on loading prior to 
rapid propagation. As a consequence, there are 
several methods now available. 

For the test to be successful, slow crack propa- 
gation must occur (as maximum load is approached ) 
before rapid fracture begins. Initial crack length or 
total notched depth should be about 30 to 40% of 
the total width of the test section. To measure the 
extent of slow crack propagation, India ink or red 
recorder ink is applied at the root of the notch. The 
ink will follow the crack so long as the crack propa- 


Fig. 2— Design of Shear-Cracked Specimen 


METAL PROGRESS 


ig 
| 
| 
{33 
Metals Engi Digest | 
Engineering 
‘ng? 
ae 
8 
* 
1” 
ae 
| 
i 
. 
A- 
” 
“a 
Shear 
Crack 
: 


SUPERIOR CASTINGS, EXTRUSIONS, TRACED 10 
USE OF ACHESON COLLOIDAL GRAPHITE 


The excellent lubricating properties of these materials have been 
proven under the severe conditions attendant to aluminum perma- 
nent molding and extruding. In the specific examples described 
below, smoother surface finishes, longer die life, and more uniform 
metal flow are chiefly attributed to the application of a ‘dag’ 
brand dispersion. 


Fewer rejects, consistently higher quality castings are obtained at Pa-agon Aluminum 
Corporation by spraying ‘Prodag’ on their permanent molds as a pre-pour wash. 


Better surface finish with Prodag@®permanent mold coating is just 
one of the reasons why Paragon Aluminum Corporation, a Divi- 
sion of Detroit Harvester Company located at Monroe, Michigan, 
switched to this Acheson product. After four years of experimen- 
tation with other mold washes, Paragon chose ‘Prodag’ — Acheson 


semi-colloidal graphite in water — and has used it constantly the | 


past seven years. The reasons for its choice are these: uniform 
consistency, excellent heat-transfer quality, and its hard, smooth, 


tenacious film which resists flaking and provides easier parting 


characteristics. 


With about 95 per cent of its annual output of more than two mil- 
lion pounds of castings going to the automotive industry, Paragon 


must insist upon quality. ‘Prodag’ helps to maintain this standard. | 
Parts for convertible automobile tops are precision-molded from | 
both 355 and 319 aluminum alloy. Molds are pre-heated before | 


each day’s run to 600° F. and the casting cycle maintains this tem- 
perature. The ‘Prodag’ dilution ratio is 1 to 4 parts water and is 


applied to the molds with a commercial spray gun. Aside from | 
occasional touchup at points of greatest wear, this coating lasts | 


through the entire run. Because of the physical contours involved 
in these comparatively small, light castings, they require rapid 
cooling in certain areas to insure uniform strength. The ‘Prodag’ 
coating — with its proven fast heat transfer ability — allows the 
castings to cool without breaks or pinholes. And by parting more 
easily, the high-finish castings which result have given Paragon 
Aluminum products wide acceptance in this demanding industry. 
If you have a metal casting problem, write direct for additional 
—- contained in our Bulletin No. 425. Address Dept. 


‘dag’, ‘Aq , and ‘Prodag’ are trademarks registered In the U.S. Patent Office by 
Acheson industries, inc. 


FASTER APPLICATION, LESS 
MATERIAL USED IN THIS 
EXTRUSION APPLICATION 


Aluminum Extrusions, Incorpora- 
ted, of Charlotte, Michigan, has 
realized a 30% savings in their 
material handling costs by the use 
of Aquadag® — Acheson colloidal 
graphite in water. They formerly 
had used an oil-graphite mixture 
which required a dilution ratio of 16 
lbs. of graphite to a 55 gallon drum 
of oil. It was too slowly applied by 
swab and too coarse to effectively 
apply by spray. 


With ‘Aquadag’, Aluminum Extru- 
sions has a lubricant that is finer in 
particle size, permits wider cover- 
age, and provides greater “spray- 
ability”. These minute particles pass 
freely through the spray nozzle, 
eliminating the costly downtime 
formerly involved in cleaning 
clogged equipment. The tough, dry 
film ‘Aquadag’ forms upon the evap- 
oration of its water carrier, doesn’t 
smoke or react when applied to hot 
dies and metals. This improves 
working conditions as well as ex- 
tends die life. Important also to both 
die surfaces as well as the finished 
extrusion, is the fact that this dur- 
able, low-friction film allows easier, 
more uniform metal flow. 


Acheson ‘Aquadag’, applied on die surfaces pro- 
vides faster, more uniform application for Alumi- 
num Extrusions, Incorporated. 


If your problem is more effective 
lubrication under normally adverse 
conditions of extreme temperature, 
pressures, or abrasions, call in 
Acheson. In the meantime, write for 
your free copy of Bulletin No. 426. 


©) ACHESON (Co/oids Company PORT HURON, MICHIGAN 


A division of Acheson Industries, Inc. Also Acheson Industries (Europe) Ltd. and affiliates, London, England 


Offices in: 


Boston Chicago Cleveland Dayton Detroit» Los Angeles* New York Philadelphia Pittsburgh Rochester « St. Louis 
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Continuous Heat Treating Depends 
on Continuous Product Flow and... 


Aluminum piston heads flow on Ashworth Balanced Weave design B 60-38-14. It affords the required 
smooth surface characteristics to facilitate transfer and minimize product marking. 


ASHWORTH KEEPS YOUR PRODUCT 
ON THE MOVE... CONTINUOUSLY! 


In brazing, hardening, quenching, annealing, tempering, wash- 
ing, sintering . . . any operation that demands continuous 
product flow . . . Ashworth Metal Process Belts can help you 
reduce handling and maintenance costs. 


Ashworth Metal Process Belts can be fabricated from any 
metal or alloy . . . with any required surface characteristic. 
Skilled Ashworth Engineers have designed these belts to with- 
stand and operate at temperatures up to 2100°F. Ashworth 
open mesh design permits circulation of processing atmosphere, 
or free drainage of process solutions in quenching, pickling 
and tempering. 


Engineering, plus accurate selection of wire analysis, plus 
careful fabrication insure quality woven into every Ashworth 
belt. You can depend on Ashworth to carry the load... 
continuously. 


Consuli your nearest Ashworth Sales Engineer 
or write directly to: 


ASHWORTH BROS., inc. 


WINCHESTER, VIRGINIA 
Sales Offices In Principal Cities 
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gates slowly, but will not follow -it 
during rapid propagation. 

In studying a series of screening- 
type specimens, all specimens should 
be of the same design and thickness. 
However, to qualify an alloy for use, 
it should be tested in full thickness 
or at the finished thickness which will 
be used. 

The double-notched tensile speci- 
men with sharp-edge notches was 
developed at the National Aeronau- 
tics and Space Administration (see 
Fig. 1 in the article by Espey on 
p. 84). Notch strength may be de- 
termined at elevated and low temp- 
eratures as well as at room tempera- 
ture to show the temperature effect. 

All specimens in the series should 
be of the same thickness because 
sensitivity to brittle fracture rises as 
the thickness is increased. The 
notch itself should be 0.001 in. radius 
or less and may be machined by a 
special technique using a sharp- 
pointed carbide tool. Notch radius 
must be carefully controlled to ob- 
tain uniform results. 

A typical specimen design is 
shown in Fig. 1. After the center 
hole is drilled, the notches which lo- 
cate the hydrogen cracks are filed by 
hand. The specimens are charged 
with hydrogen (in an acid solution) 
for several hours. Stressing to form 
the notch is done as soon as pos- 
sible after charging, preferably with- 
in 10 min. The specimens are then 
baked for 16 hr. at 400° F. to remove 
the hydrogen. Corresponding un- 
cracked specimens are also baked. 
After the specimens are fractured, 
the extent of the initial embrittled 
crack can be determined from the 
oxide staining (from the baking 
treatment). For this type of speci- 
men, the initial crack can also be 
developed by fatigue stressing or 
stress-corrosion. At the present 
time, development of the center 
crack by tension-tension fatigue in 
specimens 1 to 3 in. wide is pre- 
ferred over the hydrogen embrittle- 
ment method or the stress-corrosion 
method. 

Artificial center notches can also 
be used. For example, N.R.L. re- 
searchers use a center notch with 
thin side notches being produced by 
Elox (electrical discharge machin- 
ing). For a diagram, see the Bern- 
stein and Kies article, Fig. 3, p. 81. 
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statistical testing . . 


dramatic savings in time and work to t 


testing. For the first time, tests can be conducted and re- 


corded at high speed without the need 
chart evaluation. 

This new system selects values of de- 
sired characteristics from the load- 
elongation curve of the material being 
tested, stores the information in mag- 
netic-core memory units and, on 
completion of the test, prints them 
out on a special high-speed serial-entry 
printer. Total time required for a 
complete test and printing of results 
is less than 15 seconds. 

The digital system can be programmed 
to convert extension, energy, load or 
stress, modulus, yield point, hysteresis 
and other parameters directly into 
numerical values, in any units desired. 
The fast, efficient printer delivers in- 


128 68 268 


A445 


Announcing a unique achievement in the field of quality control and 


he field of materials 


for time-consuming 


The system shown here combines the new digital printout 
system with an optional strip-chart recorder. Thus, it’s 
two machines in one — offering printed figures for sta- 
tistical analysis plus the actual corresponding curve for 
detailed visual study of materials characteristics. 


. THE NEW INSTRON DYNAMIC DIGITAL SYSTEM 


INSTRON’S new dynamic digital system brings formation in ready-to-use form, also provides for totalizing. 
Digital INSTRON equipment, field tested for over two 
years, more than doubles testing output. The time-saving 


features of this system allow larger samplings for more mean- 


ingful results. Errors in reading charts 
and writing down data are eliminated. 
All the operator does is place the 
sample in the jaws and push a button. 
The system does the rest. 
Think about it. Here are new pos- 
sibilities in volume testing, quality 
control and statistical analysis. Here 
is a new system to bridge the gap be- 
tween manual tabulation of data and 
high-cost computer operations. Here 
is the opportunity to do more . . . find 
out more...do it more accurately 

. . in less time. 

We invite you to send for full infor- 
mation. Just write: 


@ INSTRON® 
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ENGINEERING CORPORATION 


2507 WASHINGTON STREET, CANTON, MASS. 
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This type of test is also used by Aero- 
jet-General and others to evaluate 
the fracture toughness of high- 
strength sheet steels. 

The width of the small end notches 


- is very critical in obtaining satisfac- 

Eas 0 eration ‘ tory data. By limiting their width 
y p | A to 0.0015 in., the radius at the end 

7 of the notch will be less than 0.001 


Precision Measurements in. in toting, the specimen ie 


loaded at the rate of 10,000 Ib. per 


* e ~~: min. Cracks grow slowly from the 
.- With Wilson ee notch until the critical stress level 
is reached. Rapid crack propagation 

kwell”’ occurs, and the specimen fails. 
oc ie The specimen design used at 
a Biase Southern Research Institute is shown 
Ha rdness Testers in Fig. 2. At each end of the notch, 
= : —_— : the shear cut terminates in a tear. 
ra i ee To make this test, shearing dies are 
mounted on a small punch press; 
this facilitates rapid notching. 
Notching by this technique is much 
faster than for any of the center- 
cracked specimens discussed prev- 
iously. Futhermore, after notching, 
these specimens may be heat treated 
and tested in the same way as other 
tensile specimens. Data obtained 
from testing shear-notched specimens 
agree very closely with results from 


comparable tests on hydrogen- 
cracked and fatigue-cracked speci- 


mens, according to J. B. Preston of 


e No matter what your hardness testing requirements are, 
there’s a Wilson Rockwell instrument to do the job easily and accu- SRI 
rately. Long recognized as the world’s standard of hardness testing Sele 
accuracy, Wilson instruments on the production line and in the labo- 
ratory offer these advantages: 


Results are being prepared 
for publication. 

Various criteria for fracture tough- 
ness evaluation may be obtained 
from these edge-notched or center- 


cracked tensile specimens. It is 
Easy Pe pl ee - po operator can get perfect readings. All usually recommended that unnotched 
controls conveniently grouped. 


Accuracy—Each instrument is precision-built, with exact calibration, for 
consistently correct results. 


specimens having the same treat- 
Long life—Simple design, rugged construction make Wilson instruments as ments be tested with the notched 


durable as a machine tool. specimens. Therefore, in addition 


Easy maintenance—Interchangeable mechanisms, with spindles mounted in to notched strength, the material 
oil-less bearings. may be evaluated on the basis of 
Complete line—Choose from the widest variety of instruments available, notched strength-tensile strength or 
including semi and fully automatic models. yield strength ratios. If the notched 
Wilson “Brale” Diamond Penetrators Write for details—Ask for Cat- strength-yield strength ratio is equal 

Bach diamond is cut to an exact alog RT-58. It gives complete ‘ to or greater than one when using 


shape. A comparator check and informationon the Superficial Hi) any of these notched or cracked spec- 
microscopic inspection of each tester as well as on the full imen designs, the material is not sub- 


; i i i well ini 

ject to brittle fracture at the test 

; temperature. Fracture appearance 

uw ” is also an indication of the tendency 

vil LSON ROCKWE LL for brittle fracture. Under certain 

conditions, values for critical crack 

AR On ty T ST § co extension, Ge, or critical crack tough- 

Ag ness, K,, may be determined from 

Wilson Mechanical Instrument Division the tensile data on the edge-notched 
American Chain & Cable Company, Inc. or center-cracked specimens. 


230-F Park Avenue, New York 17, New York (Continued on p. 142) 
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DESIGNED FOR RELIABILITY THROUGH 
WESTON “"UNITIZED” CONSTRUCTION 


WESTON CIRCULAR CHART 
RECORDERS OFFER MAXIMUM 
FLEXIBILITY OF CONTROL FORMS 


Two Weston Recorder-Controllers— Model 6836 and 
Model 6833—give instrument engineers needed versatility for 
effective process control. And, of course, both feature 

Weston accuracy —within +44% of span or +.025 mv. 


Model 6836 provides 3 to 15 psi pneumatic output for final 
control elements, and is available in a complete range 

of pneumatic control forms, such as on-off, differential gap, 
narrow proportional band, proportional band with 
automatic reset, etc. 


Model 6833 with electric control is available in contact or 
proportional type control. Unique design of the 

control mechanism eliminates chatter due to vibration 
with even the narrowest differential. 

Both Model 6836 and 6833 are designed for the addition 
of optional features to accommodate a great 

variety of control configurations. 


Ask your local Weston representative for complete information 
on these and other Weston instruments for industry, 

or write for Catalog 08-101-A. Daystrom, Incorporated, Weston 
Instruments Division, Newark 12, New Jersey. 


International Sales Division: 100 Empire Street, Newark 12, N.J. 
In Canada: Daystrom Ltd., 840 Caledonia Rd., 
Toronto 19, Ontario. 


Mode! 6836 [illustrated) and Model 
6833 are supplied in potentiometer or 
Wheatstone Bridge types. Scale: 
320° concentric, 33.86” long. Chart 
speed: 1, 4, 8, 12, 24, 48 hours or 
7 days per revolution. 


DAYSTROM , incorporated 


WESTON INSTRUMENTS DIVISION 
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OSBORNE LABS KEYNOTE OLSEN’S 
80 YEARS OF TESTING PROGRESS 


Although the mechanical beam balance testing machine on the left is only 
about 45 years young, it is quite similar to the first universal testing machine 
produced by Tinius Olsen in 1880. Contrast this with the Super “'L"’ in the 
foreground which dramatically illustrates the tremendous strides made by 
Tinius Olsen in recent years, with such outstanding features as: 


@ dependable hydraulic loading with precision control. 
@ instantaneous load indication on the large Selecérange dial indicator. 


@ three ranges indicated on the same dial with exclusive range color 
coding. 
@ ability to change ranges at will during test with the flip of a switch. 


Notice the masked clock in the photograph showing the total time for a 
typical tension test with the Super “L"’—less than 1/5 the time required by 
the old, but still usable Olsen. Both of these testing machines are playing 
important roles in the Raymond G. Osborne Laboratories in Los Angeles. 


For full information about modern Tinius Olsen Super ‘'L'’ UTMs, write 
today for a copy of Bulletin 47. 


Leadership in Testing Since 1880. 


TINIUS OLSEN 


TESTING MACHINE COMPANY 
2030 EASTON ROAD WILLOW GROVE, PA, 


Reg. U.S. Pat. Of, Testing and Balancing Machines 
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Tests Requiring Bending 


Several bend tests have recently 
been developed for high-strength 
materials. Among these, the one for 
which most data have been obtained 
is a flat, unnotched bend test devel- 
oped at General Motors’ Allison Div. 
Since the Allison test is thoroughly 
covered in the article by Hanink and 
Sippel (p. 89), it will not be discussed 


here. 
Tests Requiring Impact Loading 


Adaptions of Charpy impact speci- 
mens have been applied to sheet 
specimens at Watertown Arsenal. 
In one type, Charpy specimens of 
standard dimensions have been made 
by riveting sheet-steel laminations 
together. All sheet specimens in a 
laminated Charpy specimen should 
be the same thickness. The assump- 
tion is that the impact energy re- 
quired to fracture the aggregate 
specimen is shared equally by each 
of the laminates making up the spec- 
imen. It was noted that the temper- 
ature for transition from ductile-to- 
brittle fracture decreases as the sheet 
thickness decreases. 

Single-thickness impact specimens, 
similar to a single laminate of the 
specimens discussed previously, are 
also used. The V-notch is the same 
as the standard Charpy notch. 

At Watertown, a notched-sheet 
impact tensile test has also been de- 
veloped. It is used in a fixture in 
conjunction with a standard pendu- 
lum-type impact testing machine. 
Performance criteria are energy-to- 
fracture values and lateral contrac- 
tion occurring across the 1-in. width 
of the specimen adjacent to the 
notch. Tests have been made at 
temperatures ranging from —196 to 
600° C. (—320 to 1100° F.). 


Bulge Tests 


To evaluate the notch toughness 
of sheet (or of welds in sheet) , bulge 
tests have been developed by the 
Naval Research Laboratory and 
Aerojet-General Corp. A small bulge 
test for foil has been developed by 
Ryan Aeronautical Co. Since pre- 
paring the D.M.I.C. report, General 
Electric has issued reports on an 
elliptical bulge test. 

Because some _ solid-propellant 
cases are welded, a test which rated 
welding variables was desired. In 
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Ea RAILS IN ONE 
pt g DIRECTION 


MAX. STRENGTH 
A oth er MIN. WEIGHT 


FULLY RADIUSED 
ADVANCED __CONSTANT 


DESIGN METAL SECTION 


RAIL ENDS 
CONNECTED 


FOR ATTACHING 
RIGIDITY HOLES FOR 


AECCo. TUBULAR 
"TIE THRUS" 
FOR BETTER STRENGTH 


Note the design details. that—together— HEAT RESISTANT ALLOY PRODUCTS 


show the AECCo. approach to functional 


products 
For maximum strength at minimum weight, 
this design uses metal to better advantage 


For better resistance to thermo-mechanical 


fatique, there ere we sherp lntorecciions or We take pride in our position as acknowledged leaders in “alloy” 
sectional variations. product design—and expect to continue to merit this recognition on 
For better service, AECCo. proprietary cast- an increasing range of products. 


ng techniques assure better metallurgical 


Our unparalleled research and development background on casting 
and product design—our proprietary processes—our unique engineer- 
proven engineering principlee—with ABCCe ing and technical staff—and the ever increasing list of customers ob- 
experience—results in advanced products of taining outstanding service from our products—all show our ability 
this type. to make continuing contributions. 


COMPLETE ENGINEERING ANALYSIS—not superficial attention 
to a few obvious factors—means products that do better jobs. 


1700 W. Washington St., Champaign, Ill. . Tel: Fleetwood 6-2568 


structure, 


HEAT RESISTANT CASTINGS 


ENGINEERS AND PRODUCERS OF HEAT AND CORROSION RESISTANT CASTINGS 
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A small company used its first thermostat as a part of the 
"damper flapper’’—a control unit which operated the damper 
on a coal fired furnace. Thus, automatic heating was born 


The company became known as Minneapolis-Honeywell and 
for 75 years has been recognized as a leader in the develop- 
ment of thermostats and heating controls. The famous clock 
thermostat ("A” above) appeared in 1906. It featured a big, 
brassy, eight-day clock. A far cry from this original master- 
piece is Minneapolis-Honeywell’s modern, precision built and 
attractive electric clock thermostat ("B" above). This newest 
clock thermostat automatically adjusts room temperature to 
the living schedule—constant warm temperature by day, cooler 
room temperature by night. 
The actuating elements in Minneapolis-Honeywell’s new ther- 
mostats—both the electric clock model and the revolutionary 
round thermostat ("'C’’ above)—are made of Chace Thermo- 
static Bimetal. Chace has been supplying Minneapolis-Honey- 
well with precision thermostatic bimetal since 1925... a long 
and productive relationship, indeed. 


We, at Chace, are proud that we have been contributors over 
the years to the success of such a great company. 


Happy 75th anniversary, Minneapolis-Honeywell! 


W. M. CHACE CO. 


Thevnortalic Bimeltal 


1626 BEARD AVE., DETROIT 9, MICH. 
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the N.R.L. bulge test, the relative 
brittle fracture sensitivity of high- 
strength steel sheet may be deter- 
mined on a specimen that is com- 
posed of two separate pieces welded 
together or on a single-piece speci- 
men with a_ crack-starter weld. 
Effects are judged by fracture ap- 
pearance. Specimens are _ easily 
prepared from sheet by shearing to 
6 x 6-in. squares. After heat treat- 
ment, a weld bead is made at the 
center. Then a small notch is 
ground along the middle of the 
weld. 

As for the bulge test itself, the 
specimen is placed on a rubber pad 
which is held in a heavy steel re- 
taining box. To make the test, a 
300 to 500-Ib. weight (size depends 
on specimen thickness) is dropped 
(from 8 ft.) onto the test specimen. 
The high tensile stresses cause frac- 
turing in the bulged area. Fracture 
characteristics are determined by vis- 
ual examination at low magnification. 

In testing welded specimens, the 
weld bead is ground off flush for 
about 1% in. from the edges of the 
6 x 6-in. specimens so the die will 
contact the sheet without interfer- 
ence from the weld bead. No start- 
ing notch is used. 

Aerojet-General uses hydrostatic 
pressure (10,000 Ib. max.) te pro- 
duce slow bulging of their specimen. 
The specimen, which can be welded 
or unwelded, is octagonal, measuring 
12 in. across flats, and the bulged 
area is 8 in. in diameter. A number 
of strain gages are mounted on the 
specimen, and an extensometer with 
an extension contacting the center of 
the specimen indicates extent of 
bulging. 

Thin gages of sheet can be tested 
by the Ryan (Aeronautical Co.) 
method. In this test, a weight with 
a %-in. diameter steel ball tip is 
dropped on the specimen which is 
positioned on a flat steel anvil having 
a 5s-in. diameter hole centered under 
the ball. The height from which the 
weight is dropped is increased to 
determine the maximum energy that 
the sheet material will withstand 
without fracturing. Energy ab- 
sorbed by the specimen and anvil 
on impact is determined by multiply- 
ing the free-fall distance by the 
weight of the impactor. 

In the G.E. elliptical bulge test, 
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General Electric PS Moly and PS Tungsten are pure 
metal powders, prepared by hydrogen reduction, cold 
pressed hydrostatically into basic products and strength- 
ened by sintering in a high temperature hydrogen furnace. 
You can now get pure PS (Pressed and Sintered) G-E 
Molybdenum and Tungsten in a variety of large shapes. 
For example—they’re available as forging billets, con- 


TUNGSTEN AND MOLYBDENUM 
New, big-size G-E Refractory Metals 


sumable electrodes for vacuum arc melting, simple 
preforms, sheet slabs, tubes and other basic forms to fit 
just about any application for these unique metals in 
massive form. Plan now on PS metals from General 
Electric. Write for more information. General Electric 
Co., Lamp Metals and Components Dept., MP-08, 
21800 Tungsten Road, Cleveland 17, Ohio. 


FORGE AND ROLL IT—G-E Molybdenum 
and Tungsten are available in billets up 
to 8” O.D. and 27” long—in slabs up 
to 7%" wide and 2” thick. Minimum 
densities: Moly 95%, Tungsten 92%. 


MACHINE IT—With proper techniques, 
G-E Molybdenum or Tungsten can be 
machined easily from billets, tubes and 
preforms. Density can be varied from 
65-95%—+34Z tolerance. 


Progress /s Our Most Important Product 


MELT !T—For vacuum arc melting, 
General Electric PS Tungsten and Molyb- 
denum consumable electrodes are avail- 
able in diameters from 1” through 6%”. 
Main features: high purity, density and 
straightness. Alloys of tungsten and 
molybdenum are available, too. 


GENERAL ELECTRIC 
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UGHTNIN MIXER helps prepare 
ocid waste for trip to sewer. 


Get better use of water 


when rinsing acid-dipped parts 


Here’s a way to use /ess water for 
acid-rinse operations—and neutral- 
ize waste rinse effectively. 

In this rinsing operation, which 
follows an acid bright dip, make-up 
water is added only when the bath be- 
comes too acid—not continuously. 


How it works.Rinse-water electrolyt- 
ic conductivity is detected by a dip- 
type electrode and controlled by in- 
struments on the feed-water line. 
A LIGHTNIN Portable Mixer cir- 
culates the rinse, providing wiping 
action on the tpn and keeping the 
bath equalized so the electrode can 
sense conductivity accurately. 


Rinse water disposal. Before dis- 
charge to sewer, rinse water is con- 
tinuously neutralized with caustic 
soda in a 6’ x 3’ x 2’ retention tank. 
This tank is also equipped with a 
LIGHTNIN Mixer but the electrode 
here is for pH. Instruments control 
flow of caustic into the bath, pro- 
ducing a uniform waste effluent at 
legal concentration. 

Mixing action keeps salts and 
sludge uniformly suspended so the 
electrode gets a chemically accurate 


“taste” of the changing pH. 

(Instruments are made by Leeds 
& Northrup Co., and those shown 
here are in use at L&N’s North 
Wales, Pa., plant.) 


Mix any fluids 
rapidly. This is one 
of several ways you 
can make metal- 
working and clean- 
ing more produc- 
tive with LIGHTNIN 
Mixers. Use them 
in quench tanks 
to get more uni- 
form hardness, 
hardness 
epth, fewer soft 
spots. Speed up 
solvent-dip clean- 
ing of parts with 
LIGHTNIN-induced Mix 
chemicals rapidly, thoroughly. Re- 
sults are guaranteed. 

For information on LIGHTNINs 
that will give you the mixing action 
you want, call your LIGHTNIN 
Mixer representative (listed in 
Thomas’ Register) or write us direct. 


Mixers 


MIXCO fluid mixing specialists 


MIXING EQUIPMENT Co., Inc., 171-h Mt. Read Bivd., Rochester 3, N.Y. 
In Canada: Greey Mixing Equipment, Ltd., 100 Miranda Avenue, Toronto 19, Ont. 
Circle 804 on Page 48-B 


146 


Notch Sensitivity . . . 


an elliptical die can be selected which 
will give the desired stress ratio. 
Consequently, a stress ratio can be 
selected which is equivalent to that 
in a pressure vessel. Bulging is pro- 
duced by hydraulic pressure. The 
testing equipment is instrumented 
for rapid deduction of data. 


Multiple-Stress Field Tests 


Other tests intended to duplicate 
the stress field found in pressure 
vessels range from miniature labora- 
tory “pressure vessel specimens” 
through “subscale miniature” rocket 
cases to full-scale motor chambers. 
The problem, of course, is to dupli- 
cate the stresses found in full-scale 
vessels. Space Technology Labora- 
tories uses a test which employs a 
hollow cylindrical specimen having 
machined flanges on each end for 
gripping. Under tensile loads, vary- 
ing internal hydraulic pressures are 
applied to obtain a spectrum of 
stress ratios. With this technique, 
the mechanical behavior of materials 
can be assessed under somewhat 
more complex stress fields than is 
possible with other methods of ten- 
sile testing. 

In conclusion, the authors admit 
that the field of brittle fracture in- 
vestigations is by no means covered; 
nor does the report exhaust the liter- 
ature of the many tests designed to 
assess the brittle behavior of ma- 
terials. They conclude that there 
is still no general agreement on what 
test should be applied and what 
standards should be set to assess the 
brittle behavior of materials — irre- 
spective of any behavior they might 
exhibit in structures. C.R.W. 


Plating in 
Narrow Crevices 


_ Digest of “Experimental Stud- 
ies of the Electrodeposition of 
Metal in Narrow Crevices”, by 
L. B. Garmon and Henry Leid- 
heiser, Jr., Proceedings, Amer- 
ican Electroplaters’ Society, 
Vol. 46, 1959, p. 50-60. 


EXPERIMENTAL DATA pre- 

sented in this research paper show 
that conditions improving solution 
conductivity (ion diffusion) assist 
the electrodeposition of metal in 
narrow crevices — a characteristic of 
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An assignment in migrating ions... for 
élite Application Research. Corrosion. This is the metallur- 


gical result of ion migration. It’s a frequent opponent for the Lukens Application Engineer in his job of 
helping you determine the best steel for “‘problem” applications. In the case of miscellaneous-cargo tankers, 
for instance, corrosive hot caustics are often carried on one leg of a trip; on another... high purity glycerine 
that must not become contaminated. How, marine designers asked, can we get economical protection both 
for cargoes and hold tanks? Drawing on years of experience with process industries equipment, Lukens 
Application Research suggested the answer: nickel-clad steel—highly corrosion-resistant, comparatively 
inexpensive—with a special sodium hydride finish that is easy to clean, expedites conversion. 

Experience and ingenuity are the stock-in-trade of Lukens Application Engineers. For personal 
assistance on problems of metals application—corrosion, cryogenics, metal expansivity, abrasion, struc- 
tural stress—please contact us. Write Manager, Application Engineering, F80. Services Building, Lukens 
Steel Company, Coatesville, Pennsylvania. Also contact us for Clad Steel Equipment Bulletin No. F80 


(=) HELPING INDUSTRY CHOOSE STEELS THAT FIT THE JOB 
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“For Toienlists Everywhere” 


LABORATORY SHAKERS 


amazingly realistic 
wrist action® 


You control procedures from gentle to 
violent shaking and repeat any opera- 
tion, exactly, at another time. Side 
clamps take bottles and Erlenmeyer 
flasks. Loads need not be balanced. 


Heavy-Duty Model Exclusive Build-Up® Design 
} 


One basic unit adapts to any combina- 
This rugged flat-top unit tion. You build-up with an 8 place flat- 
shakes up to 40 Erlenmeyer top and with side arms for 4, 12 or 
flasks or bottles. 16 flasks. 


@ Trademark Registered U.S. Patent Office 


Shaker 
Build-Up Wrist-Action Shaker, Size BT 
for 8 top and 8 side flasks 
Burrell Heavy-Duty Shaker, Size 40 for 
flasks—fiat-top only 
Build-Up Wrist-Action Shaker, Size T 
—for 8 top flasks 
Build-Up Wrist-Action Shaker, Size BB 
—for 8 side flasks 
For 115 volts, 60 cycle, one phase. Other voltages to order. 
Prices listed are F.0.B. Pittsburgh, Pa. 


Ask for Bulletin No. 307 
BURRELL CORPORATION 


Scientific Instruments and Laboratory Supplies 


2223 FIFTH AVENUE, PITTSBURGH 19, PA. 
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microthrowing power. Microthrow- 
ing power measurements for nickel 
plating baths correlated quantita- 
tively with bath conductivity ex- 
cept for the increase in the micro- 
throwing power resulting from an 
increase in the temperature. In this 
instance, microthrowing power was 
increased proportionally less than 
solution conductivity. 

In addition to an increase in tem- 
perature, other conditions improve 
both ion diffusion and microthrowing 
power. For example, an increase in 
the metal ion concentration had a 
profound effect for five different 
nickel plating baths, and agitating 
the solution increased the amount of 
metal electrodeposited in crevices. 

A nickel chloride solution was 
more conductive and exhibited bet- 
ter microthrowing power than the 
Watts-type bath (sulphate-chloride 
mixture), and the Watts-type solu- 
tion was better than the sulphate 
bath. A nickel perchlorate solution 
with a conductivity even higher than 
that for the nickel chloride bath 
exhibited a phenomenal microthrow- 
ing power. Although copper sul- 
phate-sulphuric acid solutions ex- 
hibited good microthrowing power, 
the amount of copper deposited 
in crevices was slightly less than the 
amount expected on the basis of 
conductivity measurements. Cobalt 
solutions displayed less microthrow- 
ing power than nickel solutions that 
were equivalent in conductivity. 

The authors demonstrated that 
metal ions are supplied to crevices by 
ionic migration, diffusion, or con- 
vection. sample calculation 
showed that a significant fraction of 
the nickel atoms electrodeposited 
near the mouth of a crevice origi- 
nated from outside the crevice. 
When nickel was deposited at about 
10 amp. per sq.ft. in a chloride bath, 
the amount deposited in a crevice 
during 1 hr. was more than two 
times the concentration of nickel 
ions that could be contained in the 
crevice at any moment. 

Electrodeposition at relatively low 
current densities favored micro- 
throwing power significantly. Thus, 
the influence of diffusion character- 
istics must be recognized. 

Conditions that favor the reduc- 
tion of hydrogen ions and the forma- 
tion of hydrogen gas were shown 
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ood as a thousand miles 


the higher you aim 
for new productivity 
the more you need 
ScovillS Count down 


on quality 


brass 
copper 
aluminum 


MILL PRODUCTS 


SCOViLL MANUFACTURING COMPANY 
Mill Products Division, 99 Mill St., Waterbury 20, Conn., Phone Plaza 4-1171 
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gives you 

fault-free metals 

® fot high speed 
fabrication 


Advanced mill processes — Scovill pio- 

neered the CONTINUOUS CASTING of Brass . 
alloys to bring fabricators of Brass Mill Products 
the new standard of metal soundness and uni- 
formity made possible by this unique process. 
Other more recent new mill installations at Scovill 
include precision-controlled Aluminum rolling 
mills; the advanced Sendzimir Mill for extra-close- 
tolerance sheet and strip; the World’s largest verti- 
cal tube extrusion press, with automatic induction 
billet-heating equipment, as well as one of the In- 
dustry’s newest and largest specialized tube mills. 


Advanced quality-control procedures — 
insure dependable UNIFORMITY in all Scovill 
Mill Products specifications . . . order to order 
and lot to lot. They promise more accurately di- 
mensioned, finer quality mill products essential to 
efficient high speed fabrication. Quality-control is 
a full-time job at Scovill, and the results are 
evident to fabricators in their own higher pro- 
duction speeds, minimum tool and machine adjust- 
ments and superior quality of finished products. 


Advanced inspection equipment and 
methods — There are many inspection stations 
along each of the Scovill production lines for Brass 
strip and sheet, rod, wire and tube. In addition, 
samples of alloy billets and bars, as well as of 
finished mill products, undergo detailed inspection 
and test procedures in Scovill’s Metals Research 
laboratories. Brass Mill Products that pass these 
rigid inspections and tests are considered by many 
to be the finest in the World. 


Advanced packaging — Unique Scovill pack- 

aging methods protect quality, finish and condition, 

make it easier for fabricators to warehouse, handle 

and use Mill Products. Time- and cost-saving in- 

novations such as extra-long-length coils of strip, 

self-feeding wire “dispenser” drums, special long © 
lengths when required in tube mill products, are 

available to fabricators who need them. 


Make Scovill a part of your competitive team, let 

ws contribute our wealth of experience and ultra- © 
modern equipment to the success of your NEW 

products and production plans. 


SCOVILL MANUFACTURING COMPANY 
Mill Products Division, 99 Mill Street, Waterbury 20, Conn. Phone Plaza 4-1171 
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lower cost, 
easily controlled 


phosphate coating 


that LOCKS your 
finish to the metal. 


Interlox’s unusual cleaning ability and radically different type of accelerator 
produce an even, fine grained, dense coating that literally locks an organic 
finish to the metal. 


Interlox gives you the ultimate in appearance, adhesion and corrosion resistance—no streaks, 
stains, powdery residue or flash rusting to complicate your production. Interlox baths are un- 
usually long lived and require less replenishment and control. 


Extra cleaning power is easily obtained at any time by the addition of a low-cost detergent only. 
This avoids the danger of over-phosphatizing by the costly practice of adding complete phos- 
phatizing compound when only cleaner is needed. 


There is an Interlox product to meet your particular requirements, whether spray or immersion 
type, single or multiple stage. 


| Alert Supply Co., Los Angeles, California 
> Armalite Company, Ltd., Toronto, Canada 


NORTHWEST CHEMICAL COMPANY 


9310 ROSELAWN DETROIT 4, MICHIGAN 
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Stainless Steels 
Monel 
K-Monel 
A-Nickel 
Duranickel 
Inconel 
= Inconel-X 


 Excelsior- 
(Copper Nickel) 


Incoloy 
Permanickel 
Phosphor Bronze 
Nickel Silver 
Cupro Nickel 


Carbon Steel 
ror FINE WIRE, ORDER RIVERSIDE-ALLOY 


Contact Riverside-Alloy for the exact alloy you need in diameters as fine as 
.0025’’. Your order will be put-up on the spool, coil or Pay-Off-Pak best 
suited to your production facilities. 

Phone, wire or write: Riverside-Alloy Metal Division, H. K. Porter Company, 
Inc., Riverside, N. J. 


RIVERSIDE-ALLOY METAL DIVISION 


H.K.PORTER COMPANY, INC. 


PORTER SERVES INDUSTRY with steel, rubber and friction products, asbestos textiles, high voltage electrical equipment, 
electrical wire and cable, wiring systems, motors, fans, blowers, specialty alloys, paints, refractories, tools, forgings and 
pipe fittings, roll formings and stampings, wire rope and strand. 
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to restrict microthrowing power in 
crevices. For example, a nickel bath 
at a low temperature and with a low 
pH displayed poor microthrowing 
power. Deposition of copper in 
cyanide baths was restricted in crev- 
ices, even at low current densities, 
because of hydrogen evolution. 

Supplemental data indicated that 
microthrowing power probably is 
influenced by “ease of nucleation”, 
and by overvoltage and other polar- 
ization effect. Certainly, the pro- 
found improvement in the micro- 
throwing power of a Watts-type 
nickel bath effected by an addition 
of coumarin cannot be explained on 
the basis of metal ion migration or 
diffusion characteristics. The re- 
viewer predicts that a study of 
polarization on a microprofile scale 
would reveal a unique polarization- 
current density relationship for cou- 
marin additions. 

Mrs. Garmon and Mr. Leidheiser 
emphasized that the data reviewed 
in their paper constituted a progress 
report, and that additional study was 
required for a fuller understanding 
of the concepts developed to date. 
Their ten references included the 
first report on A.E.S. Research 
Project 17, which covered the results 
of a literature survey. 

W. F. SaAFRANEK 


Steel Defects 


Digest of “Defects in Steel— 
a Tentative Theory”, by T. F. 
Pearson, Journal of the Iron and 
Steel Institute, March 1959, Vol. 
191, p. 219-232. 


N THIS PAPER, the author attempts 

to develop a general theory to 
account for the occurrence of defects 
in steel ingots. The basis of the 
theory is an alleged relationship be- 
tween ingot defects and a critical 
balance between hydrogen and oxy- 
gen in the liquid metal. Such a 
balance is believed to be achieved 
when the silica content of the tap- 
ping slag has a certain value. It is 
suggested that this value of silica, 
and the corresponding value of sili- 
con in the molten metal, together 
with other residuals, determines the 
activity of the oxygen present. Since 
the activities of hydrogen and oxygen 
are interrelated, it is hypothesized 
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Broadly speaking, the primary pur- 
pose of annealing is to soften steel 
and make it more workable. An- 
nealing, as applied to alloy steels, 
may be defined as a process that 
heats above, and furnace-cools 
through, the critical range at a con- 
trolled, specified rate of speed; or 
that heats to a point within, and 
furnace-cools to a point below, the 
critical range. In either case, the 
choice depends upon the structure 
and maximum hardness desired. 


The first method produces a la- 
mellar pearlitic structure, while the 
second creates a spheroidized con- 
dition. These will be discussed sepa- 
rately in the following paragraphs: 


(1) Lamellar pearlitic structure. It 
should be mentioned at once that 
this structure can be obtained both 
as described above and by a modi- 
fied method known as isothermal 
annealing. In the isothermal proc- 
ess, the steel is heated above the 
critical temperature (austenitized), 
then transformed at a_predeter- 
mined temperature, which depends 
upon the analysis. This operation 
requires two furnaces or salt baths 
—one for austenitizing, one for 
transformation. 


Lamellar pearlitic structures are 
generally associated with machin- 
ability in carbon ranges from 0.20 to 
0.60 pct, provided the hardness does 
not exceed the optimum maximum 


KNOW YOUR ALLOY STEELS... 

This is one of a series of advertisements dealing with 
basic facts about alloy steels. Though much of the informa- 
tion 1s elementary, we believe it will be of interest to many 
in this field, including men of broad experience who may 
find it useful to review fundamentals from time to time. 


Brinell numeral. This is especially 
true where critical tooling is in- 
volved. It is a very versatile struc- 
ture, as it gives best results in such 
operations as broaching, tapping, 
threading, deep drilling, boring, 
milling, and tooling as applied on 
single- and multiple-spindle bar au- 
tomatic machines. 

(2) Spheroidized structure. There 
are two general fields of use for this 
type of structure when alloy steels 
are employed. In the low and me- 
dium carbon ranges, spheroidization 
is necessary for cold-shaping cpera- 
tions, such as heading, extruding, 
drawing. In the higher carbon ranges 
(over 0.60 pct), it is mandatory 
where machining is involved, be- 
cause it tends to lower the hardness 
of the steel. 

If you want more details about 
these and other uses of annealing, 
and the results to be expected, by 
all means consult with our technical 
staff. And when you need alloy 
steels, Bethlehem can offer the full 
range of AISI standard grades, as 
well as special-analysis steels and 
all carbon grades. 


This series of alloy steel advertise- 
ments is now avatlable as a compact 
booklet, ‘‘Quick Facts about Alloy 
Steels.”’ If you would like a free 
copy, please address your request to 
Publications Department, Bethlehem 
Steel Company, Bethlehem, Pa. 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA, 


Export Distribuior: Bethlehem Steel Export Corporation TH HE 


BETHLEHEM STEEL fa 
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for any requirement 
in Protecting Tubes 
it’s 


ic 


the largest 
variety 


In size and length, in iron, nickel, 
and alloys, and in formed or pre- 
cision drilled, Gordon has about 
the largest variety of thermocouple 
protecting tubes. And you get off- 
the-shelf delivery on most any of 
this great variety of “standard’ 
tubes. Gordon also makes protect- 
ing tubes to specifications for 
special requirements. 

Give Serv-Rite a trial on your 
next protecting tube requirements. 
You can’t go wrong. Careful manu- 
facture and rigid inspections assure 
satisfaction. Get full information 
today. Ask for Bulletin 11-13. 


@ Bulletin 11-13 gives general applica- 
tion data, specifications, and ordering 
information on Serv- Rite protecting tubes 
and protecting wells —the largest group- 
ing in one listing. 

6221 


CLAUD S. GORDON CO. 


Manufacturers+ Engineers: Distributors 


613 West 30th St., Chicago 16, Ill. 
2021 Hamilten Ave., Cleveland 14, O 
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that a critical balance between 
hydrogen and oxygen is of real sig- 
nificance in controlling ingot defects. 

Experimentally, the investigation 
consisted of a statistical survey of the 
defects occurring in over one thou- 
sand commercial heats of basic semi- 
killed plate steel produced over a 
period of several years. It was found 
that if the heats were classified 
according to silica contents of their 
tapping slags, and if these silica con- 
tents were plotted against the aver- 
age incidence of ingot defects, 
characteristic and complex curves 
resulted. It was noted that graphs 
for each of the periods examined 
possessed the same characteristic 
shape with a minimum average de- 
fect level always occurring at essen- 
tially the same silica values, 13 to 
14% SiO,. 

On the basis of this survey, it 
was postulated that all of the ingot 
defects classified, particularly those 
involving the surface of the steel, 
have a fundamental common cause. 
It was further suggested that this 
common cause is related to, and con- 
trolled by, the existence of a critical 
balance between hydrogen and oxy- 
gen in the molten steel which in turn 
is reflected in the silica content of 
the tapping slag. This condition is 
held to be analogous to that existing 
in copper-oxygen systems in the pro- 
duction of tough-pitch copper. Thus 
the fact that an optimum silica con- 
tent exists is believed to be sugges- 
tive of a state of overoxidation on 
the one hand, and underoxidation 
on the other. Such a condition is 
also: interpreted to be indicative of 
the influence of an additional com- 
ponent, hydrogen, whose behavior 
is also related to the optimum value. 
Hence, at the critical or optimum 
point, the combined detrimental 
effects of both hydrogen and oxygen 
are at a minimum, and on either side 
an excess of one or the other becomes 
harmful. 

The analogy between this pro- 
posed relationship and that occur- 
ring in molten copper is based on a 
comparison with previous work by 
Allen and Hewitt who first proposed 
a rational explanation of the state of 
oxidation in overpoled, underpoled, 
and tough-pitch copper. In this in- 
stance, optimum properties are di- 
rectly attributable to a critical bal- 


STRAITS 


TIN 
REPORT 


of developments / 
in the production: 


and uses of tin 
SUREAU 


Alpha-titanium, containing 2.5% 
tin, is the structural material used for 
the X-15 manned spaceship. Addition 
of tin provides greater creep resist- 
ance. This alloy is widely used in 
aircraft applications. It has the char- 
acteristics of high-grade steel, but only 
half the weight. 


Tin alloys may be used as hot- 
dipped or electrodeposited coatings on 
other metals or they may be cast as 
the base metal. Use of tin will result 
in one or more of these characteristics 
being added to finished products: 


malleability © nontoxicity 

@ lubricity © corrosion resistance 
© solderability © wear resistance 
® excellent bearing qualities 

ductility © attractive finish 


Tin is commonly alloyed with copper, 
lead, antimony, bismuth, aluminum or 
iron; less commonly with nickel, cad- 
mium, magnesium, zinc, mercury, 
silver, manganese, teWurium. 


Electronic components use 
tin in many applications. Transistor 
leads and caps are tinned. Tin-indium 
solder joins glass to metal, glass to 
glass. Printed circuits use 60-40 tin- 
lead solder. Potentiometer brush arms 
and springs are made of tin-containing 
spring-temper phosphor bronze. A tin 
chemical, bismuth-stannate, stabilizes 
capacitors against temperature change. 


Write today for more 
data on these items or 
for a free subscription to 
TIN NEWS—a monthly 
bulletin on tin supply, 
prices and new uses. 


The Malayan Tin Bureau 
Dept. 25H, 2000 K Street, N.W., Washington 6, D.C. 
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1) No darkroom loading. Ready for 
exposure as it comes from the box. 


3) In the darkroom, pull the rip strip, 
remove film, and process. 


2) Just place in position and expose 
—the film is protected from dust, dirt, 
light and moisture. 


Kodak 
industrial 
X-ray Film 


Sealed tight until processed— 
keeps clean 


Very convenient to handle— 
saves time 


Readily available in Type AA 
and Type M 


Here’s new convenience when you 
are inspecting aluminum or mag- 
nesium alloys, thin steels, plastic 
or anything where lead screens are 
not required. 

Kodak Industrial X-ray Film, 
Type AA and Type M-Ready Pack 
comes to you with each sheet sealed 
in a light-tight envelope ready for 


EASTMAN KODAK COMPANY 


X-ray Division ° 
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Rochester 4, N. Y. 
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exposure. A convenient rip strip 
makes it easy to open in the 
darkroom. 
These films come 75 to 
a box in sizes 8 x 10, 
10x 12,11 x 14,14x 17. 
Order them from 
your Kodak X-ray ys 


dealer. 
ZA. Tkodalk 
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MEN WHO KNOW 
FACILITIES, CAPACITY 
AND EXPERIENCE, BUY... 


“fabrication 


Unmatched experience . . . from fabricating hundreds of thousands of parts of all 
types, both mechanical and structural . . . has sharpened old-time craftsmanship 
into a modern production art, uniquely applied by Mahon's Steel-Weld Division. No 
matter what kind of fabrication—welding, machining, or assembling—your parts 
might require, Mahon’s experience is yours at no extra cost. This depth of expe- 
rience is backed by extensive facilities and large capacity to provide the best single- 
source-service for fabrication of a part or a production lot. Besides steel, Mahon 
also fabricates alloy or aluminum designs. 


Gear cases, formerly cast, now Steel- ~_ 
Weld fabricated with the Mahon hall- 
mark—the touch of a “torch.” 


Non-destructive radiographic inspec- 
tion insures highest quality work by 
Mahon—Master of Metals. 


WRITE TODAY FOR NEW 
STEEL-WELD LITERATURE... 
OR, FOR ON-THE-SPOT HELP, 
DISCUSS YOUR DESIGN 
REQUIREMENTS WITH A MAHON 
FABRICATION ENGINEER 


THE R. C. MAHON COMPANY - DETROIT 34, MICHIGAN 


Manufacturing Plants— Detroit, Michigan and Torrance, California Sales-Engineering Offices: Detroit, Chicago, New York, San Francisco and Torrance 


MAH 
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THE TIMKEN COMPANY 
CUTS DESCALING TIME 


FROM 90 MINUTES TO 30 MINUTES 


How Virgo® Descaling Salt 
gives faster, safer cleaning. 


It used to take as much as ninety minutes 
of straight acid pickling to descale these 
stainless steel tubes at the Gambrinus 
Works of The Timken Roller Bearing 
Company. 

Since switching to Virgo Descaling 
Salt, The Timken Company reports that 
descaling cycles have been cut down to 
one-half hour with actual acid pickling 
time reduced to 10 minutes. Equally im- 
portant too, is the improvement in sur- 
face quality. 

In the same bath, which handles bun- 
dies up to 37 feet in length, the tubes 
are degreased. 

Get these other Virgo advantages in 
your descaling: 

Besides stainless and alloy steels, Virgo 
Descaling Salt descales titanium and its 
alloys. You can even handle both types 
of metal in the same bath. 

Virgo Salt reacts only with scale. 
There’s no loss of base metal, no pitting 
or etching. There’s no danger of hydro- 
gen embrittlement. 


temperatures run from 800 to 1250°F. 

You can descale strip, sheet, bars, wire, 
tubes, castings, or any other form to a 
chemically clean surface. 

You use much less acid with the Virgo 
process. 

For more information on how Virgo 
Descaling Salt works, write for Bulletins 
25 and 25-T (Titanium). 


Help for your other metal cleaning 
operations. 

Desanding. Use Virgo Electrolytic Salt 
to remove sand, graphite, other impuri- 
ties—produce a chemically clean surface. 

Reclaiming parts loaded with carbon 
or rust. Virgo Molten Cleaner works fast 
—is the quick answer for large-scale sal- 
vage operations. 


Vapor degreasing. You get unique 
stability—degrease more parts between 
cleanouts—using Nialk® Trichlorethyl- 
ene with psp (permanent staying power). 

Stripping, acid neutralizing. You can 
get Hooker caustic soda in four conven- 
ient flake sizes, in new easy-to-empty 
drums with 18” openings. 

Acid cleaning, pickling. You can get 
Hooker muriatic acid in 4,000-, 6,000- 
or 8,000-gallon tank cars. 

Plating with tin-zinc, tin, silver, cop- 
per. Get the benefit of more than 50 
years’ experience in potash production, 
when you specify Nialk® caustic potash 
for your plating operations, 

For literature on any of these Hooker 
chemicals for metals, just write us on 
your business letterhead. 


HOOKER CHEMICAL CORPORATION a 0 0 KE Q 


408 Union Street, Niagara Falls, N. Y. 


CHEMICALS 


PLASTICS 


The Virgo bath is safe and simple to Sales Offices: Chicago, II1.; Detroit, Mich.; Los Angeles, Calif.; New York, N. Y.; Niagara Falls, N. Y.; Philadelphia, Pa.; 
Tacoma, Wash.; Worcester, Mass. Jn Canada: Hooker Chemicals Limited, North Vancouver, B. C. 


operate, using normal precautions. Bath 
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FABRICATED 


ALLOYS 


some need 'em HEAVY 


some prefer 'em LIGHT 


but everybody benefits from 
BALANCED DESIGN FEATURES 


That is why Rolock designs and builds 
baskets to meet the individual customer's 
job needs, using many PROVEN basic 
design features pioneered by us in this 
field . . . corrugated, plain sided, or 
perforated . . . with or without Rolock 
pressure-welded grids and screens. . . in 
types and sizes for all popular pit-type 
furnaces . . . or with custom features to 
meet special requirements. 

Rolock experience can be extremely 
helpful in cutting furnace-hour basket 
costs .. . in suggesting how to expedite 
flow of work ... in aiding efficient quality 
control. Write us and see. 


or ROLOCK 


FURNACE BASKETS 


Most of our customers, naturally, insist that fur- 
nace baskets be rugged, with more-than-ample 


safety factors . . . and maximum service life. 


But Rolock’s long and specialized engineering 
experience shows that no one design concept 
and thot 
sheer weight in heavy castings or oversize sec- 
tions does NOT insure either safety or long 
service. Where reduction can be achieved in 


can meet all service conditions . . . 


the weight of baskets and fixtures, this means 
more “payload” and lower fuel costs. 


SALES AND SERVICE REPRESENTATIVES FROM COAST TO COAST 


ROLOCK INC., 


1222 KINGS HIGHWAY, FAIRFIELD, CONN. 


JOB-ENGINEERED for better work 


Easier Operation, Lower Cost 
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ance between oxygen and hydrogen 
in the molten metal. In underpoled 
copper, extremely low hydrogen con- 
tents occur as a result of excessive 
oxidation, and resulting properties 
are impaired by the presence of the 
brittle copper-copper oxide eutectic. 
On the other extreme, in overpoled 
copper, oxygen is deficient due to 
the presence of excessive hydrogen, 
and the properties are impaired by 
the occurrence of porosity caused by 
hydrogen evolution. In the opti- 
mum, or tough-pitch condition, a 
critical balance exists between the 
two extremes. 

In the present paper, the author 
has devoted considerable effort to 
the development of a_ tentative 
theory correlating ingot defects with 
the proposed critical balance be- 
tween oxygen and hydrogen. In 
addition to this, a recent survey of a 
number of heats of rimming steel has 
revealed that carbon and manganese 
losses occurring during rimming 
action in the ingot mold bear a rela- 
tionship to the total iron content of 
the tapping slag. This relationship 
possesses certain similarities to the 
more fundamental theory relating to 
ingot defects. and hydrogen is sug- 
gested as a causative factor. In 
this instance, hydrogen evolution 
during the rimming action is offered 
as a major controlling condition. 
Although the proposed theories are 
both interesting and ingenious, it is 
notable that no experimental evi- 
dence based on actual hydrogen or 
oxygen contents (or both) is offered 
as substantiation. W.W. AusTIN 


Measuring Surface 
Temperatures 


Digest of “Clamp-On Resist- 
ance Temperature Detectors for 
Reactor Use”, by R. G. Clark. 
Paper V-61 presented to Nu- 
clear Engineering & Science 
— Cleveland, April 
1959. 


of surface tem- 

peratures is a problem which 
has caused much trouble in industry. 
This brief paper indicates that peo- 
ple at Hanford Laboratories of the 
U.S. Atomic Energy Commission 
have been able to solve it — at least 
as far as piping is concerned. This 
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Faster production and up to 40% cut in polishing costs are made 
possible by superfine-grain structure of Formbrite’ Drawing Brass 


The jeweler’s finish which Accurate Forming Corp., Frank- 
lin, N. J., gives pen caps and barrels previously meant the 
use of five polishing heads and a time bottleneck in produc- 
tion—resulting i in a high polishing “cost factor.” After switch- 
ing to Red Brass-Formbrite, they use two polishing heads 
for a light cut and another for a simple color buff and run 
the machines faster. Savings run up to 40%. The secret of 
Formbrite is its superfine grain, produced by special rolling 
and annealing techniques. Formbrite is springier, harder, 
more scratch-resistant than the usual drawing brasses in the 
same standard tempers, yet retains remarkable ductility for 
forming and drawing. Despite its superiority, Formbrite 
costs no more than ordinary drawing brass. Get full details 
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from your Anaconda representative or write: The American 
Brass Company, Waterbury 20, Conn. In Canada: Anaconda 
American Brass Ltd., New Toronto, Ont. 5950 


FORMBRITE 


SUPERFINE-GRAIN DRAWING BRASS AN 


ANACONDA 


product made by The American Brass Company 


Circle 815 on Page 48-8 157 


* 


Surface Temperatures .. . 


pipe carries coolant from a reactor at 
1000 psi. and temperatures of 450° 
F. and higher. Correct functioning is 
measured by the exterior tempera- 
ture of the piping. Requirements are: 
life (despite intense radiation) for 
5 years; accuracy of +2° F. up to 
600° F., response to 63% of an 80° 
temperature change within 5 sec., 
no weakening of the pipe whose 
temperature is to be measured. 

These specifications have been 
achieved by two types of resistance 
elements which are sketched but not 
described in any detail. In one de- 
vice, the resistance wire is coiled into 
a helix, incased in ceramic, and then 
slipped over the pipe with close fit. 
The ceramic and end terminals are 
inside a thin-walled stainless steel 
sheath which is welded to the pipe 
at the proper point. 

In a clamp-on type of resistance 
temperature detector, the resistance 
wire is looped back and forth in grid- 
iron fashion, again incased in ce- 
ramic whose inner surface is curved 
to fit the pipe’s exterior, and which 
forms the bottom of the terminal 
box. This box is then welded to a 
short length of thin-walled stain- 
less steel tubing, split and flanged 
along a longitudinal element so the 
two halves can be bolted together 
tightly at any desired position on the 
pipe whose temperature is to be 
monitored. E.E.T. 


Boron Properties 


Digest of “The Properties of 

Boron”, by D. N. Williams, 

cin DMIC Memorandum 41, Jan. 
; 4, 1960, Battelle Memorial Insti- 


SL i tute, Columbus, Ohio. 


BE Low pensiry (2.3 to 2.5 g. per 
cc. or 0.083 to 0.09 Ib. per cu.in.), 
high melting point (2000 to 2300° C. 


VASCO PREALLOYED the all-important high green | 3630 to 4170° F.), high room- 


in i VASCO 
METAL POWDERS siti sted powder, for (Vikas 
performance. Better molding qualities 1 1g h > 
make our stainless powders now almost as easy to press as simple iron aa h psi. ) or ~ ppg y ‘8 +s 
powders . . . provide greater green density . . . permit the manufacture of a 
more intricate parts and afford better strength and ductility as we ef hint may be 


i i iti ithi f standard i nt. Write 


military equipment. This memo- 

. d i t another of the excel- 
Vanadium-Alloys Steel Company DMIC publications which 
POWDER METALLURGY DEPARTMENT been written to collect and dissemi- 


LATROBE, PENNSYLVANIA nate as much information as possible 
Circle 816 on Page 48-8 
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Never before such 


precise temperature 


control at this price! 


$120 (SENSOR EXTRA) 


Honeywell’s new Resistance Bulb Controller 
responds to temperature changes as small as 
0.1°, yet is modestly priced. 


Honeywell’s new R7087 temperature controller is a precision 
instrument designed for industrial use wherever temperatures 
must be precisely controlled: in packaging and plastics process- 
ing; plating tanks; annealing, bakery and paint-drying ovens; 
and in laboratory applications. Unusual flexibility is gained 
through a wide choice of sensors making ranges from —150° 
to +1400° F. possible. Centigrade scales are also available. 


The new transistorized controller compensates for ambient 


Honeyw 


EERING THE FUTURE 
YEAR 


AUGUST 1960 


temperature variations. Sensor connections of regular 18- 
gauge copper wire may be used up to 300 feet without sacri- 
ficing accuracy. Time proportioning with adjustable cycler 
timing is provided. 

Panel lights indicate when unit is below, on or above set 
point. Controller can be surface-or flush-mounted, features 
illuminated dial. Other models are available with position . 
proportioning. 

For further information, call your local Honeywell office. 
Or write, Honeywell, Minneapolis 8, Minnesota. In Canada 
contact Honeywell Controls Limited, Toronto 17, Ontario. 


ell 
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UNITCASTINGS provide answer 
for difficult parts problem! 


Again, Unitcast Foundry Engineering proved invaluable 
in producing this hydraulic valve body casting. 

Faced with the necessity of a durable, more compact unit, 
the customer investigated the advantages of cast steel. Firm 
specifications included small and irregular internal passages 
that were impossible to machine blind. Tolerances were close 
and exceptionally clean internal surfaces were a necessity. 
Shell cores, as illustrated, were used in a green sand mold. 
The system was streamlined and the more compact unit did 
not hamper the mechanism. Costs were reduced to a fraction 
of the alternate composite machined assembly. 

Unitcastings can possibly meet your unusual problems, 
too. Why not investigate today . . . call for a Unitcast Sales 
Engineer. 


UNITCAST CORPORATION, Toledo 9. Ohio 


In Canada: CANADIAN-UNITCAST STEEL, LTD., Sherbrooke, Quebec 


SPECIFICATION 
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Boron Properties . . . 


to researchers to stimulate interest in 
the future potential of new materials. 

Commercial production of boron 
by reduction of BC], by hydrogen on 
graphite has generally resulted in 
purities of 96 to 98% boron. Other 
methods (such as the anode transfer 
electrodeposition of boron from 
boron carbide in a fused-salt bath) 
have yielded 99.8% boron. Zone 
refining has been used to further 
purify this material. 

Boron is one of the hardest known 
materials. The hardness at different 
temperatures is given below: 


TEMPERATURE VICKERS 
68° F. 
750 
1450 
1650 


Above 1200° C. (2200° F.), some 
creep of deposited boron has 
occurred during vapor-phase decom- 
position of BBr,. However, because 
of its high hardness and the tend- 
ency of all forms of boron te trans- 
form to the extremely complex beta 
rhombohedral form on _ heating, 
development of any degree of hot 
working in boron is unlikely. The 
combination of strength, 230,000 to 
350,000 psi., and low density place 
boron in a formidable position in 
regard to strength to weight ratio. 

The oxidation of boron has been 
studied in detail and it has been 
found to be reasonably oxidation re- 
sistant in air up to 600° C. (1100° 
F.). A protective coating of BO, 
forms between 600 and 1100° C. 
(1100 to 2000° F.). In this range, 
amorphous boron shows a greater 
oxidation rate than crystalline boron. 
Above about 1000° C. (1830° F.), 
vaporization of B,O, occurs and, in 
addition, a suboxide B,O or B;O 
forms. W. A. Morcan 


Strong Steel for 
Cold Upset 


Digest of discussion in the 
Russian periodical Stal’, No. 12, 
1959, p. 1136. 


HIS ARTICLE describes extensive 
tests on the manufacture of wire 
for successful cold upsetting up to 
90% made from a series of Russian 
standard killed steels containing 0.10 
to 0.45% carbon. Analysis showed 
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LooK 
FOR THE 
DIAMONDS— 
OF FINISHIN 
QUALITY 


ISOBRITE 


COPPER + 607-622 
FULL BRIGHT 


Best for high-speed, full-bright finish on 
zine die castings, steel, brass or bronze. 


CONSISTENT MAXIMUM BRILLIANCE— 
Primary agent suppresses burning, sec- 
ondary agent operates well in medium 
and low current density area; both 
contribute to overall brightness. 


COMPLETE COVERAGE—C overs extremely 
well in low current density areas. Ideal 
for parts requiring deep throw; pro- 
duces plate in deep recesses com- 
parable to buffed areas. 


ECONOMY—Plates uniformly over high 
and low current density areas to save 
on copper consumption. Easy analysis 
for brightener level. 


ISOBRITE } 


COPPER 
PLATING 
PROCESSES 


to fit your operations, your 
production and cost needs. 


ISOBRITE 


COPPER #623 
GENERAL PURPOSE 
Ideal for shops with varied operations. 


Gives full or semi-bright plate on zinc base 
die castings, steel, brass or bronze. 


EASY-TO-USE—A single addition agent 
for rack or barrel plating. Easily con- 
trolled for desired brightness level. 


HIGHLY ECONOMICAL — Use as semi- 
bright at half the cost of full bright 
solutions. 


VERSATILE—Easily buffed to cover wheel 
marks. Also brightens well in areas not 
easily accessible to buffing. Use in rack 
or barrel plating operations. 


ISOBRITE 


COPPER #625 
BUFF BRIGHT 
Produces a very soft plate for quick buffing. 
A COMPLETELY ORGANIC SYSTEM—No 
metallic constituents. 


VERY ECONOMICAL—Works well over 
wide variations of temperatures and 
concentrations. 


EXCELLENT FOR STOP-OFF— Produces 
plate that resists penetration by heat- 
treating or case hardening. 


VERSATILE—Use in cyanide solutions 
with or without tartrates, Rochelle 
salts or proprietary substitutes. 


These Isobrite Copper Processes contain no lead and are ready to work as soon as 
current is turned on, even after week-end shut downs. This means increased production 
and substantial savings by eliminating poorly plated rejects. 


Auxiliary Addition Agents for Added Efficiency and Economy 


ISOBRITE #630 


ISOBRITE #631 


Aids anode corrosion for greater efficiency and pro- 
duces finer grained deposits. 
Chrome reducer. Wide range of operation. Forms no 


undesirable breakdown products. 
isOBRITE #627-w Wetting agent. Non-ionic surface agent with low- 


foaming action. 


ISOBRITE #628-W High detergency type wetting agent for severe organic 
contamination. All our wetting agents are easily 
cleaned from parts to give good nickel adhesion. 


See your Allied Field Engineer for com- 


= je plete information and recommenda- 


tions for the specific process 
y that best meets your require- 
ments. He's listed under 
“Plating Supplies” in the 
yeliow pages. Or, write for 
FREE TECHNICAL DATA FILES. 


Allied Research Products, Inc. us: s 


BRANCH PLANT: 400 MIDLAND AVENUE © DETROIT 3, MICHIGAN 


West Coost Licensee for Process Chemicals: |. H. Butcher Co. « Evropean Agent: Sture Gronberger, Siorgaton 10, Stockholm, Sweden 


ISOBRITE 
Brighteners 


Chemical and Electro 
chemical Processes, Anodes, 
Rectifiers, Equipment ond Supplies for Metal Finishing 


IRIDITE 


ar 
Coatings Supplies Equipment 
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Lee Wilson Open Coil Process of Gas Alloying advances 
an entirely new concept in steel chemistry! 


Now for the first time it is economically feasible to gas alloy 
steel in coil form at the annealing station. Lee Wilson 
engineers have successfully added or removed nitrogen and 
carbon by introducing gaseous elements during the annealing 
period. This opens up a whole new concept of steel alloying 
which will increase rolling mill efficiency, improve alloy 
uniformity, and save steel makers millions of dollars annually. 


How It Works— Long a theory, gas alloying became possible when 
Lee Wilson engineers developed the first successful method 
for opening and handling opened coils at production rates. 
By threading a nylon cord or metal tape between each 
lamination of the coil, the coil is ““opened’’ with an air space 
between each wrap. Thus the entire surface of the coil is 
open to special atmospheres which can be introduced during 
the annealing cycle, and any gas equilibrium reaction that 
exists within the area of the steel is at the correct 
temperature level for the constituents of the atmosphere gas 
and the interstituals in the steel. It is this compatibility 


ng of heat, atmosphere and steel composition that makes gas 
alloying possible. 
Field Tests Show Vast Potential — Already actual field tests have 
shown that the Lee Wilson Process of Gas Alloying can produce 


a non-aging rimmed steel by reducing carbon and nitrogen. 
3 It also creates a vastly improved enamel iron product. 
By controlling the carbon content and grain structure in 
l rimmed steel, a superior material for extra deep draw 


galvanized stock is produced. The removal of carbon and 
nitrogen in rimmed steels produces a strip of exceptional 
uniformity that can be substituted for low grade silicon sheet 
for motor laminations, and by reducing the carbon content 
in silicon sheet the electrical characteristics and surface 
conditions are substantially improved. By reversing the process, 
carbon and nitrogen can be restored to the steel in any 
desired quantities. By using the Open Coil Process, 

the Bessemer process can now produce sheet steels of equal 
quality to the open hearth process. This could save as much 
as 20% in the cost of many grades of sheet steel. At the 
coiling station such jobs as cleaning and inspection can be 
performed easily and automatically. Imaginative engineers 
and metallurgists immediately see many other advantages— 
many of which are undergoing tests in one or more of the 
pilot units now in the field. The potential of this new 
system now appears almost limitless. 


How To Learn More About it— There is little wonder that an 
executive of one of the nation’s leading steel makers called it 
“the greatest advance in steel making in the past decade”’ 
If you are not up to date on the Lee Wilson Open Coil 
Process of Gas Alloying why not let us arrange to have 

a Lee Wilson engineer meet with you at your convenience. 
We will have full particulars at our Booths 78,79 at the 
AISE Annual Convention and Iron and Steel Exposition in 
September. A full description, together with an animated 
motion picture, has been scheduled as a part of the program. 
Check your show schedules and plan now to attend. 


Patent Applied for 


20005 LAKE ROAD @ CLEVELAND 16, OHIO 


SYSTEMS 


% ORIGINATORS AND LEADING PRODUCERS OF OPEN COIL AND SINGLE STACK FURNACES 
Circle 820 on Page 48-B 
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Cold Upset .. . 


these steels to have 0.22 to 0.31 Si, 
().42 to 0.61 Mn, 0.02 P and 0.04 S 
as well as the following alloying 
elements: 0.10 to 0.20 Cr, 0.10 to 
0.20 Ni and 0.18 to 0.24 Cu. The 
0.35% C steel was specified to have 
60 to 75 kg. per sq.mm. tensile 
strength and 35% minimum reduc- 
tion of area. 

Recommended treatment of hot 
rolled wire rod up to about 8 mm. 


diameter is to run it as a strand 
through a furnace where it is heated 
70° F. above Ac, then through a 
cold water quenching bath, and 
then tempered at 600° C. for 35 min. 
Next the rod is drawn through dies, 
cold reducing the area about 30%, 
annealing at 690° C., and finally 
drawing the wire about 15% to 
required size. 

The Russian article says that such 
wire can be cold upset to maximum 
deformation of 90% or even more 
without rejects. E.E.T. 


He’s Watching a Band Sawing Miracle 


This band saw operator at the Bell & Gossett 
Company plant in Morton Grove, Illinois, is 
watching “Controlled Accuracy”. . . accuracy, 
being held to within a few thousands of being 
perfectly straight, and he can actually see the 
band blade being guided in the saw cut to pro- 
duce this accuracy! No further machining is re- 
quired before the pipe is welded into an assem- 
bly for a Bell & Gossett Heat Exchanger Unit. 

Band sawing accuracy like this is nothing 
short of miracul pecially when it can be 
done on a high production basis, as Bell & 
Gossett is doing. And when the same tolerances 
can be held on cut-off pieces from 2” to 18” 
in diameter, this Marver #81 Band Saw Ma- 
chine can be truly called a precision machine tool. 

The secret of this amazing sawing acouracy 
is in the Marve. “sure-Line” Automatic Accu- 
racy Control—a simple and extremely effective 


ARMSTRONG-BLUM MANUFACTURING CO. 
5700 West Bloomingdale Avenue « Chicago 39, Illinois 
See us in Space 1340 Machine Tool Exposition 


electro-mechanical servo-mechanism that con- 
tinuously senses and automatically corrects any 
tendency of a band blade to drift to either side 
of a desired line of cut. The “suge-Line” unit 
literally “steers” the blade to make a straight 
cut. This permits the use of heavier feed pres- 
sures and, when desirable, higher blade speeds, 
to do the work faster, without sacrifice of ac- 
curacy. Incorporated in the new Marvet #81 
Series High Speed Heavy Duty Hydraulic Band 
Saws, the “surg-Line” permits full utilization 
of all the advantages of high speed steel band 
saw blades—while extending their usable blade 
life as much as 50%. 


Before you buy any bend saw machine, get complete 
details on MARVEL #81 Series Single Cut, or Automatic 
Shuttle Type Bar Feed Production Band Saows—the 
meochines DESIGNED AND BUILT TO REDUCE SAWING 
COSTS. Write for catalog today. 


Vs 


Thermocouples for 
High Temperatures 


Digest of “Refractory Metal 
Thermocouples”, by J. C. Lach- 
man. Paper No. 59-HT-21 pre- 
sented at the American Society 
of Mechanical Engineers-Amer- 
ican Institute of Chemical Engi- 
neers Heat Transfer Conference, 
August 1959, Storrs, Conn. 


HE NEED for temperature meas- 

urements in excess of 4000° F. 
has stimulated research on _ refrac- 
tory thermocouples using rhenium 
against molybdenum or tungsten to 
achieve the greatest degree of accu- 
racy and reproducibility of results, 
while minimizing handling and in- 
stallation problems. 

In the study reported here 
hot junctions were produced by 
inert-gas arc welding and beryllium 
oxide insulators were used to de- 
termine the emf.-temperature rela- 
tion from 80 to 3000° F. for 
rhenium-molybdenum and from 50 
to 4000° F. for rhenium-tungsten. 
The results are tabulated in 5° F. in- 
crements. The true temperature was 


* sensed by a standardized PtyyRh,, / 


platinum thermocouple below 3000° 
F., and a standardized optical py- 
rometer was used from 3000 to 
4000° F. Calibrations were made 
in vacuum, hydrogen, and _ inert 
gases. The rhenium-molybdenum 
thermocouple emf. levels off at about 
3400° F., whereas rhenium-tungsten 
emf. continues to increase with in- 
creasing temperature. Thermal cy- 
cling had little, if any, effect on the 
observed calibrations. 

These results have encouraged 
the use of rhenium-tungsten and 
rhenium-molybdenum at the Air- 
craft Nuclear Propulsion Dept. of 
General Electric Co. in a variety of 
high-temperature applications in- 
cluding brazing, sintering, and melt- 
ing furnaces, stress-rupture appa- 
ratus, and for physiochemical re- 
search in previously unexplored 
temperature _ ranges. Industrial 
acceptance of these thermocouples 
will require establishment of purity 
standards for wire components, ap- 
propriate instrumentation, and com- 
pensated lead wires. The present cost 
per foot of a rhenium-molybdenum 
or rhenium-tungsten thermocouple 
(0.020-in. wire) is about $7.90 or 
70% that of a Pty 
one ($11.00). D. L. McE.Lroy 
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RC HEAD 


OLOK. 


Conceived and developed by 


VESUVIUS CRUCIBLE COMPANY 


for the metal pouring industry 
SWISSVALE PITTSBURGH 18, PA. 
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NODULAR LAMINATED BRAZING STEEL ADAPTER 
CASTING FILLER TYP, LINER 


SHELL COPPER CONE 


The four components of the nose assembly — nodular iron casting; low-carbon weided steel 
canister which mecsures 34” long, 15/2" diameter at one end and 1724" ct the other; 
spun copper cone and low-carbon steel ring. The thinner rings are Easy-Flo 45 wire 
braided for precise alloy position and control. 


Martin Develops 
New Induction Heating Methods 


to Braze Lacrosse Missile Assembly 


EASY-FLO 45 


One of the largest assemblies yet brazed by induction-heating techniques is a 
section of the Lacrosse missile being manufactured at The Martin Company’s 
Baltimore Division. During development, one problem was posed by the 
variety of metals used. First it was necessary to braze a low-carbon 
welded steel canister and nodular iron casting. Then, to complete 

the assembly, a spun copper cone and low-carbon steel ring were 


joined to the canister. An induction coil was designed by Martin 


to accomplish this critical operation. Temperatures had to be 

restricted between 1300 and 1350°F to prevent a transforma- 

tion change to the crystalline structure of the nodular iron. 

Martin’s Materials Engineering Laboratory made careful 

examinations of this assembly and found that Handy & 

Harman Easy-Flo 45 Silver Brazing Alloy and B-1 Flux 

make possible the strong, uniform joints necessary to meet 

the stringent requirements the Company has set. Its low- 

working temperature, high strength, fast penetration and 

flow characteristics are only a few of the features which make this brazing 

alloy ideal. 

More and more aircraft and missile components are being made with the aid 

of Handy & Harman silver brazing alloys and flux. The products described 

here are just two of the many available to help solve your problems...make 

your job easier and quicker. For a more complete picture of silver brazing 
and the advantages it offers you, write for your free copy of Bulletin 20. 


Your No. | Source of Supply and Authority on Brazing Alloys 


HANDY & HARMAN 


General Offices: 82 Fulton Street, New York 38, N.Y. 


” 
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Multiple aluminum extrusions on a 120° long graphite runout table. 


ATIONAL 


TRADE MARK 


GRAPHITE PRODUCTS 


During extrusion of aluminum shapes, you realize better 
results with “National” graphite products on the job. For 
example, graphite extrusion guides and graphite covered 
runout tables and cooling racks will not char . . . permit 
multiple extrusions without costly twisting...and elimi- 
nate scratching and staining of the extrusion. 

Whether you use graphite plate stock for runout 
tables...graphite extrusion guides in the canister...or 
graphite fluxing tubes for introducing gases into the 
molten metal to reduce hydrogen, oxides and inclusions, 
you'll find these products help speed production and assure 
a better end product. For information, write National 
Carbon Company, Division of Union Carbide Corporation, 
270 Park Avenue, New York 17, N. Y. In Canada: Union 
Carbide Canada Limited, Toronto. 


stan arg cance’ | NATIONAL CARBON COMPANY 
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For better aluminum extrusions...use 
SS 
L 
being installed on a runout table. SS 
= 
‘ MACHINED GRAPHITE GUIDES — being inspected 
prior to insertion in an extrusion canister. 
GRAPHITE FLUXING TUBES — for introduction of 
gases into molten metal to reduce hydrogen, 
PF Circle 853 on Page 48-8 167 


Welding Research in 
East Germany 


Digest of short article of this 
title by A. A. Smith in British 
Welding Journal, July 1959, p. 
19-20. 


LL OF THIS COUNTRY’S welding re- 
search is concentrated in the 
East German Welding Institute 
(Zentral Institut fiir Schweisstechnik 
or Z.1.S.) at Halle-Saale. State 


financed, it employs some 300 engi- 
neers, metallurgists and scientists. 

All graduates permitted to spe- 
cialize in welding are trained here, 
as well as thousands of operators. 
In addition to research, the staff acts 
as consultants to industrial plants 
which are in trouble. Prototypes of 
new equipment are made and tested 
before the design is issued to a State 
factory to manufacture as many 
duplicates as specified by the Min- 


istry in charge. 


“All exposed 
and unexposed 


surfaces shall be 


Cafeteria and Executive Kitchen, Continental Grain Co., 


Food Equip 


Offices: New York City. Designed by Designs 
Co., Newark, N. J, 


for Business, Inc., New York, N. Y. Fabricated by Stai 


installed by Ben Mernit, New York City 


® The specifications for this executive cafeteria called for all kitchen metal 
surfaces, both exposed and unexposed, to be constructed of stainless steel. 
Only lifetime stainless steel can offer the durability and ease of maintenance 
necessary for maximum sanitation in food handling. 


MicroRo tp STEEL was chosen for its consistent uniformity of 
gauge, outstanding finish and well-known fabricating qualities. 


@ Why not investigate the advantages of stainless steel for your next project? 


WASHINGTON STEEL CORPORATION 


8.T WOODLAND AVENUE * WASHINGTON, PENNSYLVANIA 
Circie 854 on Page 48-B 


The general aim is to standardize 
equipment and technique; automatic 
or semi-automatic equipment is pre- 
scribed whenever possible. At the 
time of the author’s visit, much work 
was being done on a CO, welding 
“pistol”, auxiliaries for electroslag 
welding, and a scientific study of 
metal transfer through the electric 
arc. Whatever its shortcomings, Mr. 
Smith remarks that “over-all national 
control, rigid standardization, and 
research centered in one place avoid 
duplication of research effort, ex- 
ploits a successful process or tech- 
nique very rapidly, and increases 
national productivity”. E.E.T. 


Materials for Reactors 


Digest of “High-Temperature 
Mechanical Properties of Has- 
telloy B and Hastelloy W”, by 
C. R. Kennedy and D. A. Doug- 
las, Oak Ridge National Labora- 
tory Report ORNL 2402, Nov. 
28, 1958. 


HE REQUIREMENTS for materials 

for reactor use are steadily becom- 
ing more severe. For circulating 
fuel reactors, the materials must have 
high resistance to corrosion in fused 
salts, adequate high-temperature 
strength, and contain very small 
amounts, if any, of elements having 
high nuclear cross section. 

Most information for the materials 
with adequate high-temperature 
strength has been obtained by con- 
ducting tensile, stress-rupture and 
creep tests in an environment of air. 
Since other than air environments 
are required in reactor design, it has 
become necessary to evaluate the 
materials in argon, sodium, air, 
hydrogen, Fused Salt No. 30 and 
Fused Salt No. 107.* 

Because of the thermal strains 
associated with reactor temperature 
and load fluctuation, ductility has 
been carefully examined in this work. 
Prior investigations had demon- 
strated that nickel-base alloys, pri- 
marily alloyed with molybdenum, 
had shown higher resistance to cor- 
rosion in fused salts. The alloys 
Hastelloy B and Hastelloy W meet 
this requirement and were evalu- 
ated in this study. 

To investigate the effect of heat 


*Fused Salt No. 30 contains NaF, 
ZrF, and UF,: 50, 46, and 4 mole%, 
and Fused Salt No. 107 contains 
NaF, KF, LiF, and UF,: 11.2, 41, 
45.3 and 2.5 mole%. 
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HOM, a new alloy developed by 
Duraloy metallurgists and capa- 
ble of retaining high working 
strength at temperatures up to 
2200°F, with limited application 
at 2300°F. The alloy is applica- 
ble for all types of castings: 
static, centrifugal, shell-molded. 


Shell-molded castings for meet- 
ing close and rigid tolerance lim- 
its; post-casting machining or 
other finishing practically elim- 
inated; low mass production 
costs. 


Centrifugal castings which pro- 
duce a denser, more uniform 
metal approaching forged metal 
strength. 


If the casting used in 
your equipment has to 


meet high temperature Static castings which can be 


(anything up to 2300°F) 
and/or corrosion, why 
not discuss your require- 
ments with our metallur- 


produced in weights ranging 
from a few ounces to single 
castings 7 tons and heavier; 
wide range of alloying combina- 
tions, including the new HOM 


referred to above. 


gical staff? Our company 


can call upon more than 
35 years of experience in 
this exacting business of 
high alloy castings. In the 
meanwhile, if you would 
like to have a copy of our 
latest catalog, write or 
call our nearest office. 


As a point of interest, all of the castings shown here were produced for Lindberg 
Engineering Company, Chicago, for incorporation in heat-treating and anneal- 
ing equipment sold by that company. The centrifugally cast tube for the gener- 
ator, trays, and rollers for the furnace rails are cast of HOM. The rails and rail 
supports for the furnace are statically cast of 35-15 alloy. 


OFFICE AND PLANT: Scottdale, Pa. 
EASTERN OFFICE: 12 East 41st Street, New York 17, N. ¥, 
CHICAGO OFFICE: 332 South Michigan Avenue 
DETROIT OFFICE: 23906 Woodword Avenue, Plegsont Ridge, Mich, 
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Reactor Materials . . . 


treatment on the mechanical prop- 
erties, several Hastelloy B specimens 
were aged for 100 hr. at 1300° F., 
in some instances, and 40 to 70 hr. 
at 1500° F. in others. Most of the 
specimens were solution-annealed as 
recommended: 2 hr. at 2100° F. 
Creep-rupture testing was con- 
ducted in the 1300 to 1800° F. 
range using environmental creep 
testing equipment developed at Oak 
Ridge. Conventional tensile testing 
was done between 1000 and 1800° F. 
Creep tests conducted at 1300° F. 
showed both Hastelloy B and Hastel- 
loy W to have relatively low ductility 
compared with the ductility meas- 
ured at 1400 and 1500° F. Duc- 
tility for both Hastelloy B and 
Hastelloy W did not exceed 8% 
elongation at 1300° F. for tests 
ranging from 10 to 6000 hr. A 
3000-hr. test for Hastelloy B had an 
elongation at rupture of 3% while 
a 6000 hr. test for Hastelloy W had 
2% elongation. Creep-to-rupture 
ductility as measured by elongation 
increased markedly to values be- 


tween 20 and 30% for Hastelloy W 
tested at 1400° F. At 1500° F. 
Hastelloy B elongation increased, 
though not as markedly, to 45% for 
100 hr. tests and 12% for 4000 hr. 
tests. 

Correlation of the creep-rupture 
elongation results with the micro- 
structure of the 1300° F. and 1500° 
F. Hastelloy B specimens showed a 
considerable difference in the pre- 
cipitate resulting from the aging dur- 
ing test. The 1300° F. precipitate, 
which had low creep rupture duc- 
tility, had a Widmanstatten structure 
which was probably beta. 

Heat treatment aging tests have 
shown the aging reactions for this 
alloy to be extremely sluggish. On 
this basis, the strain during the creep 
test has greatly accelerated the 
precipitation. The aging precipitate 
observed in the specimen tested at 
1500° F. appeared to be entirely 
different from that formed at 1300° 
F. This phase was similar to the 
gamma phase observed by E. E. 
Stansbury for the nickel-molybdenum 
system. 

Hastelloy W in comparison to 
Hastelloy B has 3% less molybdenum 


Colloidal 
Graphite 
dispersions 


can help you 


3 WAYS: 


1, Production — For established 
production processes we will 
prepare — to meet 
your 


Development — We will work 
directly with your engineers on 
development projects requiring 
specialized dispersions. 


Research — Our research staff 
is always available for consul- 
tation on new products, new 
processes and new applications. 


Here are a 
few uses of 
Colloidal Graphite Dispersions: 
@ DIE LUBRICANT 
@ DRY FILM LUBRICANT 
@ IMPREGNATING COMPOUND 


@ HIGH TEMPERATURE 
LUBRICANT 
® PARTING COMPOUND 
® FORGING COMPOUND 
A qualified staff is available for prompt 
recommendations and quotations to meet 


your specifications or preliminary in- 
quiries to our sales department. 


GRAPHITE PRODUCTS CORP. 


BROOKFIELD, OHIO 
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and an additional 5% chromium, 
which seemed to be effective in 
supressing the gamma _ transforma- 
tion at 1400° F. The precipitate 
which formed at 1400 through 1800° 
F. was quite similar to the unidenti- 
fied precipitate which formed at 
1650° F. and above in Hastelloy B 
As with Hastelloy B, strain acceler- 
ated the aging reaction at 1300° F., 
but the relative amount of precipi- 
tate was much less. 

Additional experimentation with 
the effect of heat treatment on the 
aging characteristics further con- 
firmed these alloys to be very slug- 
gish. Heat treatments at 1300° F. 
and 1500° F. for up to 3000 hr. for 
Hastelloy W and 7000 hr. for Hastel- 
these alloys to be very sluggish. 
loy B failed to soften the alloys. The 
effect of aging test pieces prior to 
creep rupture testing was one of 
decreasing the creep rate and the 
elongation at rupture as compared 
with the values measured for solu- 
tion-annealed material. 

Material which was aged prior to 
creep-rupture test at 1300° F. had 
superior creep rupture properties 
compared with annealed material 
when tested at 1300 and 1500° F. 
An aging effect was also measured 
in creep rupture tests at 1650° F. 
since the initial creep rate was lower 
than measured for annealed material. 
However, the material entered third 
stage creep sooner and_time-to- 
rupture was lower. These results 
indicate that caution should be taken 
in using these materials in a 1650 to 
1300° F. range. 

The testing program in different 
environments showed that the en- 
vironments which changed the sur- 
face condition of the test specimens 
were effective in causing different 
creep-rupture properties. Air and 
Fused Salt No. 30 increased the 
rupture strength in both Hastelloy 
W and Hastelloy B. Air caused the 
formation of an adherent oxide film 
under the conditions of test, and 
fused salt created a very thin chem- 
ically altered surface. 

The actual effects in 1300° F. tests 
for Hastelloy B, consisted of an in- 
crease of about 2000 psi. in rupture 
strength for Fused Salt No. 30 tests 
over tests performed in argon. The 
time for these tests ranged between 
10 and 3000 hr. Tests made in air 
at 1500° F. had rupture stresses 
2000 psi. higher over a test range of 
100 to 500 hr. Beyond this range, in- 
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»» HEAT-TREATING - 1965 


CAMBRIDGE METAL-MESH BELTS are 
the answer to the big problems you'll face 
in the competitive ’60’s—tighter operating 
costs, higher production and consistent 
quality. 

Continuous movement of products 
through heat-treating operations, as well 
as quenching, washing and drying, speeds 
up production and cuts costly manual 
handling. 

Heat, liquids or gases flow through the 
belt and around the product for fast, 
thorough processing ...assuring uniformly 
high quality. 

Superior belt design and manufacturing 
techniques mean longer belt life, fewer 
repairs, lower operating costs. 


Belts can be made heatproof or acidproof— 
in any mesh, weave, metal or alloy—with 
any side or surface attachments. 


Call your Cambridge Field Engineer 
now. He'll be glad to discuss any 

pect of Cambridge Belts—from 
manufacture to installation and 
service. Look in the yellow pages 
under “Belting, Mechanical”. Or, 
write for FREE 130-PAGE REFERENCE 


The Cambridge 
Wire Cloth Co. 


Department B @ Cambridge8, Md. 


Manufacturers of Wire Cloth, 
Metal-Mesh Conveyor Belts, Wire Cloth Fabrications 
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Reactor Materials .. . 


significant differences existed. Since 
the strengthening effect depends on 
a surface reaction, the strengthening 
realized in a structure would depend 
on the surface area-to-volume ratio. 

It was concluded that Hastelloy B 
and W are satisfactory in high- 
temperature strength and corrosion 
resistance, but the severe loss in duc- 
tility of 1300° F. is sufficient to cause 
concern in applying the materials to 
a particular design. H. B. GayLor 


Metal Cutting 


Digest of “A Critical Com- 
parison of Metal-Cutting Theo- 
ries With New Experimental 
Data”, by S. Kobayashi, R. P. 
Herzog, D. M. Eggleston and 
E. G. Thomsen. A.S.M.E. Trans- 
actions Paper No. 59-A-131. 


HE MECHANICS OF METAL CUTTING 
are not clearly understood. Fur- 
ther investigation was undertaken to 
gain additional understanding on 
(a) effect of cutting speed and 


metallurgical structure on shear 
stress in metal cutting; (b) correla- 
tion of shear properties in metal 
cutting with those obtained from 
static tests; and (c) correlation of 
angle relationships with current 
theories. 

Orthogonal metal cutting tests at 
various cutting speeds, rake angles, 
and feed rates were conducted on: 
S.A.E. 1112 steel, annealed and as 
received; S.A.E. 1020 steel, as re- 
ceived; S.A.E. 4135 steel, annealed, 
as received, and hardened to Rock- 
well C-27 and C-35 to 37; 2024-T 4 
aluminum; 6061-0 and 6061-T6 
aluminum; and alpha brass. The 
maximum cutting speed range was 
from 0.083 to 1010 ft. per min. for 
S.A.E. 1112 with a more limited 
range for the other alloys. 

For the range of testing variables 
used, all of the alloys tested were 
found to have a constant shear stress 
in metal cutting. The values of 
shear stress were in good agreement 
with those previously determined 
using more limited testing ranges. 
These test results confirm the predic- 


tion, based on theory, that dynamic 
shear stress in metal cutting is a 
constant. 

Previous work has shown an 
acceptable correlation between metal 
cutting data and static properties. 
These additional data yield a good 
correlation between metal cutting 
data and compression data for the 
ductile metals, based on the distor- 
tion energy theory. Correlation for 
S.A.E. 4135 (in all four conditions) 
and for aluminum 2024-T 4 was not 
as good with increasingly poorer cor- 
relation as alloy hardness increases. 

The relation between rake angle, 
friction angle, and shear-place angle 
was reviewed for correlation with 
current theoretical relationships. 
Agreement was not complete be- 
tween all the experimental data and 
the relationships predicted by the 
theories of Ernst and Merchant, Lee 
and Shaffer, and Hill. This suggests 
that either the model is incorrect or 
the actual metal does not behave like 
the ideal. The available data are 
insufficient to determine which 
theory is correct. C. O. SmitH 


® 


the engineered 
answer to 


Your success in ultrasonic cleaning rests on Branson's engineering 
approach — to the development of Sonogen’s simple, rugged components 
— to their union into complete cleaning systems tailored to your needs. 
Our fourteen years in ultrasonics, seven of them in cleaning, have taught 
us the most efficient, economical way to clean everything from 
needle valves to strip steel — from ball bearings to complex castings. 
Our nationwide force of experienced, factory-trained specialists is 
ready to help you plan, install and maintain an engineered cleaning 
system you can depend on for years to come. Tell us your problem. 


Since 1946 — The Respected Name in Ultrasonics 


your cleaning 
problems... 


ULTRASONIC 
CORPORATION 

6 Brown House Road 
Stamford, Connecticut 
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Our many years of experience in custom rolling “hard 
to handle” metals is matched by the most modern 
physical equipment for the work. Your specifica- 
tions for finished strip—in coils or cut lengths—are 
met to the letter, with all orders processed by trained 
metallurgical personnel. @ The Superior way is your 
way. Write us! 


Unalloyed Titanium 
Reactor Grade Zirconium 
Zircaloy II 

Zircaloy 

Pure Nickel 


SUPERIOR STEEL DIVISION 


OF 


COPPERWELD STEEL COMPANY 
CARNEGIE, PENNSYLVANIA 
For Export: Copperweld Stee! international! Company, New York 
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Nickel Base Alloys 
Cupro-Nickel 

Copper 

Beryllium Copper 
Boron Stainless Steel 


here's 
for your special strip products 
¥ ‘= 
3 
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industry 
has been Calling for 
UDDEHOLM quality spring steels 


In the 1890’s, when steel fabricators needed spring 
steels, in special sizes or finishes to meet production 
requirements exactly, they called for Uddeholm. 


Today, you can call Uddeholm for the 
same prompt, exacting service. How- 
ever, deliveries are even faster—from 
stock—and you now have over a thou- 
sand combinations of size, temper, analy- 
sis and finish from which to choose. Even 
hard-to-find tempered sizes, such as 
.016” x 1214”, in polished blue, can be 
delivered to you from any of Udde- 
holm’s Spring Steel Service Centers— 


Newington, Conn., New York City, Cleveland or Los 
Angeles. A full range of annealed SAE 1075, 1095, and 
other popular grades including stainless are also readily 
available. Stock sizes range from 16% to %”’ wide, and 
from .125” to .001” thick. In addition, at each Service 
Center, Uddeholm maintains a staff of experienced 
technical representatives to help you select the right 
spring steel for your needs. 

Modern edge finishing and slitting facilities—a more 
than 60-year-old reputation for accuracy in size, flat- 
ness and finish—guaranteed uniformity of hardness, 
analysis and fatigue life are your further assurance 
of satisfaction. 


Write Today For Your Free Catalog-Stocklist! 


vly UDDEHOLM COMPANY OF AMERICA, INC. 


155 East 44th Street, New York 17, N.Y. © MUrray Hill 7-4575 


BRANCH OFFICES AND WAREHOUSES 


Philadelphia, Pa. 


Chicago, Ill. 


Detroit, Mich. Los Angeles, Calif. Newington, Conn. 

TOOL AND DIE STEELS TOOL STEEL WAREHOUSE DISTRIBUTORS 

COLD ROLLED SPRING Rockford, Ili. — Rockford Industrial Steel Service . Utica, N. Y. — Pacemaker Steel and Aluminum Co. 
STEELS IN CANADA «+ Uddehoim (Canada) Ltd. «+ Montreal + Toronto 


Cleveland, Ohio 
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Brass, Bronze, iron 
and Alloy Metal 
Powder Parts 
in one furnace 


@ The versatility of this furnace 
is of particular interest 
to the small producer. 


AUGUST 1960 


Pictured is a 54-KW Globar Heated 
Belt Conveyor Furnace with Alloy 
Muffle. 


Furnace is suitable for use with 
Dissociated Ammonia or any other 
controlled atmosphere. 

Maximum operating temperature 
2100°F. Complete automatic tem- 
perature control. 


Burn-off Chamber can be added 
and is recommended for sintering 
brass. 


Production 100 to 150 Ibs/hour. 


RED LION RD. AND PHILMONT AVE. 


BETHAYRES, PA. 


Engineering and Manufacturing Facilities around the 
world through associates in France, Great Britain, Ger- 


many, Italy and Japan 
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Fansteel 77 Metal—non-magnetic, 
easily machined and joined to other 
metals. No special handling re- 
quired—it is non-toxic, non-radio- 
active. Used extensively in applica- 
tions requiring maximum density in 
the smallest possible space: shields, 
counterweights for aircraft control 
parts, rotors, governors, flywheels, 
vibration dampers. Fansteel 77 
Metal is also available in bars, rods, 
rings, disks and special shapes. 


latest 
Booklet on 
Fansteel 
77 Metal 


When you need to pack a lot of weight in a small space to lick 
any problem. . . for radiation shielding, vibration dampening, 
counter-balancing, etc... design around Fansteel 77 Metal. 
Your part will take up as little space as possible while pro- 
viding the service required. 

Whether you need extra density for shielding purposes . . . or 
just extra weight, Fansteel 77 Metal will do the job... and 
do it in less space because it’s twice as heavy as steel, 50% 
heavier than lead, much stronger than cast iron. 


If your problem requires the density of 77 Metal in a large 
area, Fansteel now has the facilities to provide finished parts 
or the metal in ingot or any form required. For example, the 
radiation shield shown above is 22.870” long x 4.660” x 2.533” 
x 0.800”. It started as a blank which was designed to provide 
the minimum loss in both metal and machining time. This 
large blank was produced in the Fansteel plant by powder 
metallurgy methods . . . pressed, sintered, and then machined 
to customer’s specifications. 


Call in your Fansteel representative or send details to Metals 
and Fabrication Division, 


FANSTEEL METALLURGICAL CORPORATION 
North Chicago, Illinois, U.S.A. 
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Maximum Density in Limited Space 


WITH 
FANSTE fra 


PACKED INTO ONLY 0.109 CU. FT. 
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Through day-in, day-out cycling punishment... 


High nickel alloys laugh at 
high temperatures 


Are you looking for a way to outwit 
thermal fatigue? 

Then you'll want to know more 
about the reliable high temperature 
alloys available to you. 


There are 12 basic types of nickel- 
chromium-iron alloys that give use- 


ful strength and long life to castings 
subject to a wide variety of poten- 
tially destructive environments. 


You name the service...temperatures 
ranging from 1200°F to 2200°F... 
reducing or oxidizing conditions... 
nitriding or carburizing atmospheres. 


Trays resist carburizing and thermal 
fatigue. Trays shown here are repeatedly 
exposed to 1650°F for 4 hours, then water 
quenched. Made of Type “HX” cast alloy 
containing 66% nickel, 17% chromium, 
they display extellent ability to withstand 
cycling without cracking or severe warping. 
High nickel alloys such as this are out- 
standing in their resistance to thermal 
shock and fatigue. 


Under all these conditions, the appro- 
priate nickel-containing alloys give 
good accounts of themselves in 
everything from trays and racks to 
tubes and retorts...from baskets and 
bearings to fans and fixtures. 


They come feature-packed. Nickel- 
containing alloys provide you with 
heat-resisting castings having good 
creep strength and high resistance 
to scaling...thermal fatigue...thermal 
shock...sigma phase embrittlement. 


Making your choice. Of course, the 
proper selection of an alloy for any 
specific high temperature job in- 
volves consideration of many factors, 
including: 
e Required size and shape of the 
part 
e Type and size of maximum load 
e Speed and range of temperature 
cycling 
e Atmospheres and contaminants 
e Complexity of design 
e Additional fabrication needed 


You'll find lots of valuable — and 
usable — information on the proper 
selection of casting materials in our 
new 64-page, illustrated booklet, 
“Heat Resistant Castings, Corrosion 
Resistant Castings...Their Engineer- 
ing Properties & Applications.” We'll 
be glad to send you a copy on request. 
Write for it — today. Just ask for 
Bulletin A-266. 


THE INTERNATIONAL WICKEL COMPANY, INC. 
67 Wall Street stke, New York 5, N.Y. 


INCO NICKEL 


NICKEL MAKES ALLOYS PERFORM BETTER LONGER 


AUGUST 1960 
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BERNARD 

S. LEMENT 
HAS WRITTEN 
FOR YOU... 


DISTORTION 
TOOL STEELS 


A NEW BOOK PUBLISHED BY AMERICAN SOCIETY FOR METALS 


Distortion in Tool Steels is a practical, easy-to-read book exploring the 
size and shape changes in tool steels which occur during and after processing. 

Readers will benefit greatly from the experience of its author. Dr. Le- 
ment’s background includes both theoretical and practical work in this field 
and in this book he has sorted the most useful data yet assembled on this 
expensive problem to industry. His comprehensive knowledge has resulted in 
this first-of-its-kind book for metals and materials engineers, tool engineers, 
designers, heat treaters, machinists, mechanical engineers and inspectors. 

Dr. Lement places particular emphasis on methods of heat treatment 
that are necessary for precise dimensional control. The problems encountered 
in the production of tool steel parts with extreme tolerances (cutting tools, 
dies, gages, ball bearings, valves, etc.) are treated in detail. 

Also, how to prevent significant changes in finish dimensions during 
storage or under normal service conditions is discussed. How to minimize or 
eliminate costly finish machining operations by scientific dimensional control 
is thoroughly explored. 

Tables, drawings, charts and graphs highlight the book’s eight chapters: 

1. CAUSES OF DISTORTION 5. HARDENING 

2. MEASUREMENT OF DIMENSIONAL CHANGES 6. COLD TREATING 
3. CALCULATION OF SIZE CHANGES 7. TEMPERING 

4. CONTROL OF DISTORTION 8. AGING 

If you are directly or indirectly related to the manufacture of tool steels 
or tool steel parts, Distortion in Tool Steels is a work of great importance. 
Dr. Lement writes to the men responsible for too] steel performance. His book 
represents an opportunity to become fully informed on size and shape changes 
in tool steels. Order your' copy today. 


ORDER WITH THIS COUPON 


Distortion in Tool Steels—173 P.—8 chapters—illustrated—red cloth cover—6” x 9”—published by 
American Society for Metals—written by Dr. Bernard S. Lement—$10.00 per copy. 


Please send me ____________ copy/(s) of Distortion in Tool Steels 


AMERICAN 


SOCIETY 


Sete Ww METALS 


Or: Bill me [] Bill Company Metals Park — Novelty, Ohie 
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Ipsen vacuum units with fast gas cooling now offer a safe and economical method for bright harden- 
ing and annealing of stainless steels, high-speed steels, tool steels, and high temperature alloys; 
also, sintering and brazing of high temperature alloys! 


Here are typical examples of performance by the VVFC-1014-E furnace pictured above: 


PARTS: Aircraft quality screw fasteners PARTS: Boring bars 
MATERIAL: Type 410 stainless steel MATERIAL: Rex M-2 High-speed steel 


Ports out 


1100 


ing cycle started 
4 


Cooling cycle started 


time in minutes 
time in minutes 


At heat 1750°F 
hundreds degrees fahrenheit hundreds degrees fahrenheit 


COMPLETE TIME CYCLE: 1 hour 8 min. COMPLETE TIME CYCLE: 2 hours 10 min. 


RESULTS: Rockwell C 42-43 RESULTS: Rockwell C 64-66 
APPEARANCE: Exceptionally bright APPEARANCE: Exceptionally bright 


A complete line of standard vacuum units is available. Also, vacuum facilities are available in 


which processing, testing, and analysis can be made to recommend the proper equipment for your 
parts. For detailed information contact Ipsen Industries, Inc. 


auromatic 


¢ INDUSTRIES, INC. + 723 SOUTH MAIN STREET + ROCKFORD, ILLINOIS 


MEAT TREATING UNITS 
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“Rarely has a meeting 
meant so much to me as 
this one. Needless to 
say, it is a real privilege 
to be able to participate 
in this nationally known 
event, in the many ex- 
cellent papers to be 
given, the opportunities 
to meet old friends and 
new, and to further our 
profession.”’ 


V. F. Zackay, Supervisor 
Physical Metallurgy Section 
Metallurgy Department 
Scientific Laboratory 

FORD MOTOR COMPANY 


“The problem of keeping 
abreast of new develop- 
ments in today’s rapidly 
changing technology is 
always difficult. The Met- 
al Show, through its 
audio-visual presenta- 
tions of currentadvances 
in knowledge, presents 
a time-condensed pack- 
age for those interested 
in metals engineering 
and processing.”’ 


R. F. Thomson, Head 
Metallurgical Engineering Dept. 
Research Laboratories 
GENERAL MOTORS CORP. 


The experts see the val- 
ue of the 1960 Philadel- 
phia Metal Show — they 
know how stimulating it 
will be, and that’s why 
they plan to attend. 
They know that a new 
emphasis on the essen- 
tial metals and mate- 
rials, processes and 
techniques will make 
the 1960 Show more 
valuable than ever be- 
fore...atruly dynamic 
forum... some 300 ex- 
hibits and 250 techni- 
cal papers. Attendance 
will be a sound invest- 
ment for you and your 
company! 


opportunity to at- 
tend the Metal Show 
should be particularly 
rewarding this year with 
the participation of many 
outstanding metal or- 
ganizations. | anticipate 
making and renewing 
acquaintances with pro- 
fessional people who 
share my interest in met- 
allurgical matters. It is 
also a worthwhile exper- 
ience to attend the pres- 
entation of carefully se- 
lected technical papers 
and to participate in the 
resulting discussions.”’ 


CHRYSLER CORPORATION 


NATIONAL METAL CONGRESS and EXPOSITION 


Philadelphia Trade & Convention Center « October 17-21 
Sponsored by the AMERICAN SOCIETY FOR METALS Metals Park + Novelty, Ohio 


W 


Show Hours: Monday, Noon-6 p.m.; Tuesday, Noon-10 p.m.; Wednesday, Noon-10 p.m.; Thursday, 10 a.m.-6 p.m., Friday, 10 a.m.-6-p.m. 


Cooperating Activities: The Metallurgical Society of AIME; 
Society for Non-destructive Testing, Inc. Associations pre- 
senting technical sessions in cooperation with €} : Metal 
Powder Industries Federation; Metal Treating Institute; 
Ultrasonic Manufacturers’ Association; 


industrial Heating Equipment Association; Special Li- 
braries Association—Metals Division; American Society for 
Testing Materiais—C ittee B-9; and extensive research 
and engineering programs of the American Society for 
Metals, and ~~) Seminars. 
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TUNING 


ULTRASONIC 
CLEANERS 


Powertron’s new line of self tuning ultrasonic cleaners CUT 
CLEANING TIME 300% over outmoded ultrasonic systems. 
Case histories on file show up to 900% faster cleaning 
consistently, and savings of $3,000 a month in labor costs 


POWERTRON’S COMPLETE LINE OF AUTOSONIC CLEANERS INCLUDES 
TANK MODELS, CABINET MODELS, [MMERSIBLE TRANSOUCERS, 
DEGREASERS AND COMPLETE PROCESS SYSTEMS. 


POWERTRON ULTRASONICS CORP, 
DEPT.MP-8, PATTERSON PLACE + ROOSEVELT FIELD * GARDEN CITY, 


AUGUST 1960 Circle 866 on Page 48-8 


The Autosonic by Powertron is the worid’s only 
full line of ultrasonic cleaners with the self tuning 


feature that assures you of consistent peak perfor- ty ‘ 


mance cleaning regardless of load changes, solution 
level, liquid temperature, solvent contamination, or 
operator inattention. 

Powertron’s unique feedback transducer senses 
the energy level in the cleaning tank and automati- 
cally tunes itself for maximum cleaning efficiency. 
Every change in operating conditions is sensed by 
the Autosonic transducer and is immediately com- 
pensated for to keep cleaning performance at its 
peak continuously without operator attention. 

Powertron Autosonic cleaning systems are high 
power, heavy duty units, ruggedly constructed for 
continuous operation on any cleaning job—even 
those that other ultrasonic systems can’t handle. 

A single switch is the Autosonic’s only control, 
so careless operation can’t affect the rate or degree 
of cleaning. Because Powerton’s advanced design 
has eliminated knobs, meters and moving parts, even 
mishandling, such as no-load operation, won’t 
damage the Autosonic. Every Autosonic cleaner ts 
unconditionally guaranteed. 

Powertron’s complete line of Autosonic cleaners 
includes tank models from 2 gals. to 100 gals., 
cabinet models, immersible transducers, degreasers 
and accessories, competitively priced and available 
from stock. Whatever you want to clean can be 
cleaned better in an Autosonic. 

Powertron will be glad to show you how your 
cleaning problem can be solved Autosonically. 
Simply describe your application, or send a sample 
of the item you want to clean, and Powertron will 
send you proof that the Autosonic can increase your 
output, cut production time, and increase your pro- 
fits. If you prefer, send for details on Powertron’s 
free trial offer. 


WRITE FOR FREE BULLETIN 60-1 
“HOW TO CLEAN ULTRASONICALLY 
WITH SELF TUNING” 


L.I., NEW YORK + PIONEER 1-3220 


T 
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| 
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The 15th 


RULES FOR ENTRANTS 


Exhibitors do not need to be 
members of the American So- 
ciety for Metals. 

Work which has appeared 
in previous metallographic ex- 
hibits held by the American 
Society for Metals is unac- 
ceptable. 

Photographic prints should 
be mounted on stiff cardboard, 
extending no more than 3 in. 
beyond edge of print in any 
direction; maximum dimen- 
sions 14 by 18 in. (35 by 45 
cm.). Heavy, solid frames are 
unacceptable. 

Entries should carry a label 
on the face of the mount giv- 
ing: 

Classification of entry. 

Material, etchant, magni- 
fication and other desirable 
data. 

A brief statement (if de- 
sired) calling attention to 
any unusual aspect of the 
entry. 


The name, company affilia- 
tion and postal address of the 
exhibitor should be placed on 
the back of the mount to- 
gether with a request for re- 
turn of the exhibit if so 
desired. 

Entrants living outside the 
United States should send 
their micros by first-class let- 
ter mail endorsed “Photo for 
Exhibition — No Commercial 
Value — May Be Opened for 
Customs Inspection”. 

Exhibits must be delivered 
before Oct. 1, 1960, either by 
prepaid express, registered 
parcel post or first-class letter 
mail, addressed: 


Metallographie Exhibit 
American Society for Metals 
Metals Park 

Novelty, Ohio, U. S. A. 


METALLOGRAPHIC EXHIBIT 
Philadelphia, October 17 to 21, 1960 


All metallographers— 
everywhere— 

are cordially invited to 
display their best work. 


CLASSIFICATION OF MICROS 


. Irons and steels, cast and wrought 

. Stainless steels and heat resisting alloys 

. Aluminum, magnesium, beryllium, titanium and their alloys 

. Copper, nickel, zinc, lead and their alloys 

. Uranium, plutonium, thorium, zirconium and reactor fuel and 
control elements 

. Metals and alloys not otherwise classified 

. Series showing transitions or changes during processing 

. Welds and other joining methods 

. Surface coatings and surface phenomena 

. Slags, inclusions, refractories, cermets and aggregates 

. Electron micrographs using replicas 

. Electron micrographs (transmission) 

. Color prints in any of the above classes 

. Results by unconventional technique 


AWARDS AND OTHER INFORMATION 


A committee of judges will be appointed by the Metal Congress 
management which will award a First Prize (a medal and blue ribbon) 
to the best in each classification. Honorable Mentions will also be 
awarded (with appropriate medals) to other photographs which in 
the opinion of the judges closely approach the winner in excellence. A 
Grand Prize, in the form of an engrossed certificate and a money 
award of $500 from the Adolph I. Buehler Endowment will also be 
awarded the exhibitor whose work is judged best in the show, and his 
exhibit shall become the property of the American Society for Metals 
for preservation and display in the Society’s national headquarters. 


All prize-winning photographs will be retained by the Society for 
one year and placed in a traveling exhibit to the various @ Chapters. 


42nd NATIONAL METAL CONGRESS & EXPOSITION 


Philadelphia Trade & Convention Center 
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hae The Buyers Guide 
= For Metals Engineers 


Need Help Designing That Aluminum Extrusion? 


TEAM UP 
with JARL / 


Whitelight 
MAGNESIUM 


you BARS, STRIPS min. 

in, mar 
SHAPES .022” min. to $14" 
mill source TUBING 0.0. to 6” 0.0, 
of magnesium HOLLOW SHAPES to circle DIFFERENCE 
alloy. PLATE & SHEET .092" to 3” thick 

ALLOYS - 


AZ31 The difference starts the moment you méet 
= the Jarl salesman. He's an engineer . . . 
781 : well qualified to make on-the-spot rec- 
ZK60 j extruded, fabricated and anodized by ommendations in designs. Team up with 

peagy Bovey Discuss your extruded aluminum quality safeguards every step . . . on-time 


part or a million—with G.E.L 


GENERAL EXTRUSIONS, INC. 


deliveries. Send for our stock die catalog 
or send rough sketches for assistance with 


HITE METAL 


ROLLING « STAMPING corp. 


82 Moultrie Street, Brooklyn a. he we 
Factories: Brooklyn, N. Ind. 
Los Angeles Warehouse: 6601 ‘Rd. 


Circle 1 on Page 48-A 


4040 Lake Park Road, Youngstown, Ohio 
Sales Offices at St. Louis, Pittsbur 
Chattanooga, Cincinnati and Clev 
Consult your classified phone book 
under Aluminum Pr 


Circle 2 on Page 48-A 


your design. 
ANODIZING 
JARL EXTRUSIONS, INC. 
Dept. MP, Linden Ave. + East Rochester, N. Y. 
Circle 3 on Page 48-A 


LA-CO 
Aluminum Soldering Flux 


4 Now ... Solder Aluminum 
with ordinary soft solders 


ing techniques 
Non-ac 
Self-cleaning 

A major break- 
through in alu- 
minum fabrication. 
Use ordinary soft 
solders . . . ordinary irons or torches. 
Remarkable fluxing action achieves perfect 
bond of aluminum and solder making pos- 
sible the fabrication of aluminum to alu- 
minum, copper, steel, stainless steel, gal- 
vanized iron, brass, etc. 


Write for sample, or 
Sey protien. 
LAKE Chemical Co. 


3079 W. Carroll Ave., 
Chicago 12, Ill. 


ALUMINUM 


LA-CO 
Silver Solder Flux 


Greater speed and economy 
for all silver soldering! 
| in tins 

not harden 


Self-cleaning 


For all silver sol- 
dering in 1125° to 
1700° F. heat range. 
Dissolves all refrac- 
tory and non-refrac- 
tory oxides 
solder penetrates 
completely into all areas, for maximum 
strength without solder waste. Completely 
acid-free—will not pit or stain metats. Al- 
ways-ready paste form . . . will not harden 
or crystallize. 


Write for sample, or 
[= cay protien. 
LAKE Chemical Co. 


1A-Ca 3079 W. Carroll Ave., 
eaanod Chicago 12, 


LA-CO 
Stainless Steel & Chrome 
Soldering Flux 


Safer... Surer... Cleaner 


For soldering all 
stainless steel and 
chrome, _includin 

wit 


ste 


Fil 


ders. no 
pre-cleaning. Acid- 
free formulation will not pit metals, leaves 
no stains. No buckling on even light gauge 
work. In liquid or paste form. 


ordina 


for or 


& LAKE Chemical Co. 


LA: co 3079 W. Carroll Ave., 
Chicago 12, Ill. 
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Metal Progress 
Magic\Chef turns to G.E.I. > 
¥ 
50, 40-60, 95-5 
@ solders e 
No new solder- @ Doesn't stain 
Non-acid 
Self-cleaning 


the GENUINE 
BRINELL 


HARDNESS TESTING MACHINES 
made by the Alpha Co. of 
Sweden and available from 
our stock at New Rochelle 


Never approached in 
ACCURACY AND 
CONSTANCY of tall- 
bration . . . at the ip 
| 


standard 3000kg test 
load .. . maximum 
error plus or minus 
22 kg 


Write for Bulletin 
No. A-18 


GRIES INDUSTRIES, INC. 
_ Testing Machines Division 
NEW ROCHELLE 3,N_Y 
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FIND, CRACKS 


“SPRAY-ON" 
Dye Penetrant / 


Inspection 


SPOTCHECK finds cracks, 
porosity, and leaks you can’t see (any defect open 
to the surface). SPOTCHECK — marks them with 
a brilliant red warning. Users report speedy, money- 
saving results. SPOTCHECK is used to inspect 
metals, carbides, ceramics, plastics, etc. Multi-use 
SPOTCHECK can simplify your mai e and 
in-progress inspections. SPOTCHECK’ S complete 
SK-3 kit is portable; n0 other equipment needed! 


Spotcheck offers 


@ NEW! NONFLAMMABLE 

@ PUSH-BUTTON EASE 

©@ FLEXIBILITY . . . Use on tools, parts, 
machinery, ete. 


@ LOWEST COST Dye Penetrant ma- 
terials — presssure canned or bulk. 
Why use higher priced substitutes? 


COMPLETE 1. KIT ONLY 


U.S.A. only 
Plus $1 for pack- 


ing and rg 
CALL YOUR DISTRIBUTOR or 
Check or P. 0. with Coupon teey! 
MAGNAFLUX CORPORATION 
7328 W. Ainslie Ave., Chicago 31, Illinois 
OD Please send___SK-3 kits @ $36.00 each 
plus $1.00 each packing and shipping. 
O Send FREE bulletin only. Includes low 
SPOTCHECK material prices. 
Nome. Title 
Company 
Addr. 
City. Zone. State 
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with 


MAGNETIC ANALYSIS... 


MULTI-METHOD EQUIPMENT 


Electronic equipment for non-destructive 
Production inspection of steel bars, wire 
rod, and tubing. Detects mechanical faults 
and variations in composition and physical 
properties. Average inspection speed — 120 
ft. per minute. 


MULTI & SINGLE FREQUENCY 
EQUIPMENT 


Eddy current equipment for non-destructive 
testing of non-magnetic metal tubing, bars, 
wire, Ye” to 3” dia. at test speeds from 200 
to 600 fpm. Multi-frequency unit offers 6 
simultaneous inspection methods to indicate 
surface and subsurface flaws, or variations 
in mechanical, physical, and metallurgical 
properties. The single frequency unit offers 
one inspection method to indicate flaws only. 


Rockwell-scaled 
HARDNESS TESTER 


7 
REVOLUTIONARY— 


NEW-"ON-THE-JOB" 
Precision Instrument 


3 g 


steel ball of exact 
and hardness is 
dropped from an_ exact 
height, insuring a precise 
reading in Rockwell C scale. 
Ideal for spot or production 
checking. Portable, easy to 
read... rugged and depend- 
able. In use in many large 
plants and shops. 
Order yours today at this 
low price. Satisfaction guar- 
anteed. 


DETROIT 
HARDNESS TESTER 


17644 Mt. Elliot? Ave. 
Detroit 12, Mich. 
Circle 8 on Page 48-A 


pat. app. for 


Electronic equipment for inspecting ferro- 
magnetic wire ropes from 1/32” to 3” 
diameter. Detects broken, cross-over or 
missing wires, plus defective welds and 
deformations at production speeds up to 
several hundred feet per minute. 


COMPARATORS AND METAL TESTERS 


Electronic instruments for production sorting 
of both ferrous and non-ferrous materials 
and parts for variation in composition, 
Structure and thickness of sheet and 
plating. 


DEMAGNETIZERS 


Electrical equipment for rapid and efficient 
demagnetizing of steel bars and tubing. 
When used with Magnetic Analysis Multi- 
Method Equipment, inspection and demag- 
netizing can be done in a single operation. 


MAGNETISM DETECTORS 


Inexpensive pocket meters for indicating 
residual magnetism in ferrous materials 


MAGNETIC ANALYSIS C 
42-44 Twelfth St., Long Islond City 1, W. ¥. 
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Multi-Purpose 
Fatigue Testing Machines 
for Research and Production 


push-pull, bending, torsion tests, on hard and soft 
materials. Infinitely variable speed—extremely large 
stroke—additional low speed drive 

Built-in controls maintain constant static and dynamic 
load. 


Model PV— Vertical, 0.6—20 tons load, 5/16” to 5/8” 
8000 cPM 


stroke (45) 600— 


Model PB— Horizontal, 3—100 tons load, 1” to 2” stroke 
(30) 280—4 cPM 


Accessories for envir tal tests 
Write for information. 


COSA CORPORATION 


405 Lexington Avenue, New York 17, N. Y. 
Circle 9 on Page 48-A 


HARDNESS TESTING 
SHORE SCLEROSCOPE 


one Pioneer American 
Standard Since 
1907 


Available in Model C-2 
(illustrated), or Model 
D dial indicating with 
equivalent Brinell & 
Rockwell C Hardness 
Numbers. May be used 
freehand or mounted on 
bench clamp. 


OVER 40,000 
IN USE 


SHORE INSTRUMENT & MFG. CO., INC. 
90-35M Van Wyck Exp., Jamaica 35, N.Y. 
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Demagnetizing 
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Rach 
SCHENCK 
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They Can't 
Give US the | anal 


HOTFOOT 


motors from to 244 h.p. Write for tree brochure. 

SIEBURG INDUSTRIES OPTO-METRIC TOOLS, inc. 

Danbury Industrial Park, Danbury, Connecticut pe 137mpP VARICK STREET, NEW YORK 13, 
Circle 11 on Page 48-A is s Circle 46 on Page 48-A 


001 stainless steel foil to soft 42” aluminum. soft plastic 

film 1 mil in thickness or the abrasive glass laminates 

in .500” plate, are machined with specimen configura- 

tions accurate to + 0005”. Machined edges are com- 

pletely free of cold working or heat distortion and 
finishing. 


Seven styles...chest capacities 
from 1.5 to 6 cu. ft. Uprights 
up to 22 cu. ft. Temperatures 
to —140° are controllable 


within 1°. Immediate delivery. 
For FREE folder, “Selecting OXIDATION 


a Low Temperature Cabinet,” 
write Revco, Dept. MP-70 


A PROVEN 
DEPENDABLE SOURCE 


Setting Trends in Refrigeration Since 1938 FOR BETTER GRADE INVESTMENT 
CASTINGS IN FERROUS AND 
NON-FERROUS METALS 


Special Feature 
PATENT PENDING 
held to 35% mine 

imum — 36% 


maximum 
STAINLESS STEEL PART for milk 
24Kt Acid Bright bottling unit formerly machined 
from solid stock, 
Only finish oper- 
L ations required 


ore reaming small 


WRITE, WIRE, PHONE OR TWX dia. of counter. 
FOR COMPLETE INFORMATION bored hole and 


Y drilling and tap- 
ot ping for set screw. 
© CLAMPS, JAWS & BASE PLATE ARE ELIMINATED 


@ NO CONVERSIONS OR CALCULATIONS 1 rm 

© TEST ANY SIZE, SHAPE OR TYPE METAL f c is 
@ NO SKILL REQUIRED 965 

SCALE READINGS IN ROCKWELL & BRINELL POBox 
M thousands used industry and government, 

Write, wire or call details and prices, Office 


NEWAGE INDUSTRIES, INC. North Clark Street 


222 York Road 
TUrner 48494 Dept. MP 
Circle 13 on Page 48-A Circle 14 on Page 48-A Circle 15 on Page 48-A 


TESTER 
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NEW DUPLEX 
6 Major loads of 
l 
’ 
| 
ULTRA-LOW TEMPERATURE CABINETS | 
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-140°F. 
J \\ \e 
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JUST PRESS csi CASTING 
| "Gnd READ 
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ANYWHE 
NEERED 
CASTING 
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ORGEL 


aturable Reactors 


Saturable Reactor 
with tap changing transformer 


Regulate and control 
electric ovens 
and furnaces 

more accurately 
and efficiently 


Any amount of A.C. power from 1 Kva 
to 3000 Kva, single phase or 3-phase, at 
any voltage, can be controlled, regulated, 
and varied in stepless increments, with 
SORGEL Saturable Reactors. 

The control can be a small manually oper- 
ated hand wheel that can be placed in any 
desired location, or it can be automatically 
controlled, regulated and varied by a 
thermostat or any other instrument or 
device. 

SORGEL reactors are designed to meet 
your exact requirements. Let us know 
what your problems and requirements are, 
and we will submit our recommendations 
with complete information. 


Write for Bulletin 658. 
* 


Also a complete line of 
dry-type transformers. 


All standard and intermediate ratings, 
Y% Kva to 10,000 Kva, 
120 to 15,000 volts. 


* 
Sales Engineers in principal cities 
Consult the classified section of your tele- 


phone directory, under the heading “Trans- 
formers,” or communicate with our factory. 


Sorgel Electric Company 


834 W. National Ave., Milwaukee 4, Wis. 


Since 1916 devoted to creative engineering 
and manufacturing craftsmanship 
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Custom design at standard prices. 
Warping reduced to a minimum. 
Arc, heli-are or electric welding. 
Choice of sizes, alloys, styles. 
Prompt delivery. 


: mfg. co. 


5 Mason St., Bridgeport 5, Conn. 
Specialists in Processing Carriers Since 1932. 


Wiretex 
| corrugated 


muffles 


...last longer, lower costs! 


Cost conscious? 
Call Wiretex. 
Send for 
literature, prices 


and 
specifications. 
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Now find cracks, 
leaks, defects 
quickly, easily! 


ZYGLO 


Portable 


BLACK LIGHT Inspection 
Easy Use in the shop 


in the field 
FLUORESCENT PENETRANT INSPECTION 


ed in push-but- 


“|DEAL FOR” 


@ Low-volume pro- 
duction testing 


® Maintenance and 
tool inspection 


© Reliable leak test 
—welded tanks 


FIRE SAFE 

New, improved 
high flash-point 
materials. Pack- 


ton spray cans, 
7328 West Ainslie Avenue 
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KENTRON 


Applies 1 to 10,000 gram loads 
Write for Bulletin 
Kent Cliff Laboratories Div. 
The Torsion Balance Company 
CLIFTON NEW JERSEY 
Circle 19 on Page 48-A 


more THAN 50,000 


METALLOGRAPHIC SAMPLES 
POLISHED DAILY WITH 
DISA-ELECTROPOL 


@ 


EXCLUSIVE “DISA” FEATURES 
@ Quick and convenient exchange of electro- 
ytes 
@ ‘On the spot"’ polishing of large objects by 
"“Movipol” attachment 
* Components for external etching with every 


“Disa” 
For complete information on this and other metal- 
' hi i e i write or 


WILLIAM J. HACKER & CO., INC. 
P.O. Box 646, W. Caldwell, N.J. Tel. Capital 6-8450 
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| 
Genuine ZYGLO KIT 
complete with : 
100 W. BLACK LIGHT : 
$ 00 
ph 
| 


Mark any parts while cold, 
identify them after heat treati 
regardless of temperatures and ofl 
to 1600° F., ““M-10" up to 2400° 


WRITE ON LETTERHEAD FOR complete 
Paintstik intormation. 


MARKAL COMPANY 
3118 West Carroll Ave. Chicago 12, iil. 
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“C-R" COATINGS 


MARKAL “C-R” COATINGS will protect a 
wide range of metals at temperatures up to 
2100° F. against carburizing, corrosion, scaling 
and the like. Coatings are easily applied, easily 
removed after treating. 


WRITE ON LETTERHEAD FOR complete 
Coating information. 


COATING 


UNIFORM HEAT 


throughout the work space 


30 STANDARD 
CABINET 
MODELS 


Model HB Electric or 
Gas Cabinet Oven 


@ Work space from 4.6 to 72.3 cu. ft. 
@ Temp. ranges from 100 to 1250° F. 
@ Electronic combustion devices for gas models 
@ Indicating control instrument 

@ Factory tested 

Other ovens from $121.50 up; laboratory, bench, 
walk-in and custom built models. 

Write for details 


Specialists in Heat Process Equipment 


NDORY CO). Ine 
Chicago 22, Il. 


Fit 


| 
| GRIENI 
1339 WN. Elston Ave. 
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WFlame hardening co. 


17644 Mt. Elliott Ave. Detroit 12, Mich.- TWinbrook 1-2936 
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Martin P. Tregnan, 6253 
Bivd., Los Angeles 
8, 
Fred Blair Engineer- 
ing Co., 4100 Grape St., Den- 
ver 16, Colo. 

4 Richard DO. Lindner, 583 Wol- 
Conn Hill Rd., Wethersfield, 


R. Stewart, 2400 W. 
Bivd., Ft. Lauder- 
dale, Fila. 
{ Logan J. Swinehart, 309 St. 
Louis Avenue, Rockford, 
nois. 
William McAtee, 626 N. DeQuincy St., 
Indianapolis |, Indiana. 


Harry |. Dixon, Metallurgical Products 
Co., 1199 Beacon St., Brookline 46, Mass. 
Carl H. Schmidt Co., 16405 W. 8 Mile Rd., 
rer 35, Mich. 

A. Gustafson, 161 Griggs — Midway 
Fairview at University, St. Paul 4, 
Minnesota 


The Shea- ‘Brownell Go. 3903 Olive Street, 
St. Louis 8, Missour! 
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STANWOOD 


4817 W. CORTLAND STREET 


CHICAGO 39, 
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These qualified representatives plus 
Stanwood's broad experience, en- 
gineering and modern facilities can 
solve your problems. 
Co., P. 0. Box 205, Pompton 
Lakes, N.J. 
J. Kelvin Stahl, 716 River Road, Trenton 
8, New Jersey. 
J. R. Stewart Co., Inc., 2900 Erie Boule 
vard, S Syracuse 3, New 
w. Hile Company, 1236 Morehead 
ion Charlotte 7, N.C. 
Charles Plant jr. and Warren B. Lum, 
Alloy Sales & peretee, 8905 Lake Avenue, 
2, Ohi 

gene S. Craig, “Craig Indust. Equip. Co., 
1104 Popular Ave., Memphis 4, Tennessee. 
Gipson Supply Co., 122 
we nt Ave., Pittsburgh 9, 


4, Texas 
Robert Onan Co., 5138 
North 3sth ‘st, Milwaukee 
9, Wisconsi 


IDENTIFY PARTS & STOP CARBURIZING, DECARBURIZING, 
| MARKAL COMPANY sis carrot avenue Chicoge 12, 
ee Circle 49 on Page 48-A 
| .. red on 
- ’ - 
| STANWOOD 
at Treating Equipment 7 
Sales Engineer 
» 
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MORE REASONS 
YOU SHOULD 
TRY... 


FABRICATED 
HEAT-TREAT 


BASKETS 
MORE OPEN AREA 


Our unique looped wire liner (with 

slotted openings) affords 30% to 
100% greater open area than conven- 
tional liners. Faster heats, greater circu- 
lation of atmospheres and more uniform 
quenches are a direct result. 


Th 


bixco 


BUILT-IN Conventional 
Looped Wire Liner Liner 


LESS WEIGHT 
In the Economy 6 Series with built- 


in liner and round rod framing, total 
basket weight is kept to an absolute min- 
imum without sacrificing high strength. 


TRUE ECONOMY 
Our many exclusive features bring 


basket maintenance and furnace 
operating costs DOWN. Bixco baskets per- 
form better because they are made better. 


4 SPACE AGE ENGINEERING 


Meeting the demands for better 

baskets is a Bix Company specialty. 
Besides fabricating in all standard met- 
als we also produce baskets of Molyb- 
denum. Special designs and applications 
are available on request. 


For complete 
information 
write: 


COMPANY 
FAIRGROUNDS ROAD 
WELLINGTON, OHIO 
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Two series (8012 and 8008) of ''space- 
saver’ combination heat treating 
furnaces are produced by Lucifer Furn- 
aces, Inc. Hardening, drawing or 
preheating, and quenching operations 
can be performed with one furnace. Each 
furnace has separate controls permit- 
ting independent operation of each 

unit. The 8012 series chambers operate 

at 2300, 2000 and 1250° F.; while the 8008 
series chambers reach 2300, 2000, and 
800° F. The furnaces operate on standard 
line voltage . . . no transformer neces- 
sary. Twenty standard low-cost models 
are available and each is a complete 
unit .. . just connect to power 

supply. 


For information about the ‘'space- 
savers’, our complete line, or free 
engineering advice, call on... 


LUCIFER FURNACES, INC. 


Neshaminy 7, Pennsylvania 
Diamond 3-0411 
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How to Cut 
Pot Costs: 


Buy low-cost Eclipse pressed (not 
welded) steel pots . . . and replace 
them on a regular schedule. 
1 Lower initial cost 
2 Elimination of failures 
3 Faster, more even heating 
4 Quantity discounts earned on 
your total purchases in any 
12 month period. 

Guaranteed free from defects. Write: 
Eclipse Fuel Engineering Company 
Industrial Combustion Division 
1127 Buchanan St., Rockford, lil. 
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BRAND NEW FURNACES 
AT USED PRICES! 


Car Type 
Roller Hearth 
Roller Hearth 
Roller Hearth 
Roller Hearth 
Roller Hearth 
Pusher 
Drever Pusher 
Harper Pusher 
West. Pusher 
Lindberg L. Pusher 
Ipsen Pusher 
rnace Eng. Pusher 63” 30° 46” 1800 A 
ALSO ALL TYPES OF FURNACE ACCES- 
SORIES, PYROMETERS, AND LAB EQUIP- 


Ra 


MENT. WIRE OR CALL COLLECT! 


METAL TREATING 


EQUIPMENT EXCHANGE, INC. 
9825 GREELEY ROAD 
‘DETROIT 11, MICHIGAN: 
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there’s a 


~QUARTZ 


IMMERSION 
HEATER 
for 


Your Every 
Heating Requirement 


@ INSTANT HEATING 
SHOCK-PROOF 


@ AVAILABLE IN ALL VOLTAGES 
—WATTAGES, 
ONE AND THREE PHASE 


Available from your ¢ 
Electroplating Distributor, 


ELECTRIC HEATER CO., INC., Willoughby, Ohio 
*Reg. U.S. Pat. Off Phone: Willoughby 2-5521 
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the QUENZINE STORY 


Low priced, more readily available carbon 
steels can often replace alloy steels when 
quenched in Beacon 

Quenching Oils with 

QUENZINE added. 

Por information on 

this new additive and 

other Beacon Brand 

Heat Treating Com- 

pounds write to... 


ALDRIDGE 
INDUSTRIAL OILS, Inc. 


3401 W. 140th St., Cleveland 11, Ohio 
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95 pint size 


Powerful 40 watt output aa 
Stainless steel tank Full 1 gal. capacity 


DIS OWN TEGRATOR® 


svsTem rorTty 
ULTRASONIC CLEANER 
The lowest priced ultrasonic cleaner ever sold! 
DISINTEGRATES Sons 
DAY TRIAL 


@ CHOICE OF 7 COLORS 
ultrasonic 


industries vc. 
141 Atbertson Ave., Albertson, 1. N. P11-4333 


LOW PRICES ON LARGER MODELS! 


ower Tank 
Output Capacity nk 
0. tts) Gallons Dimensions 


20 

320 5 349.95 

520 520 10 20x 10x 10 999.95 

1040 1040 30 24x 18x16 1,999.95 
3000 3000 75 3ix3lx 18 3,999.95 
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ULTRASONIC 
= CLEANING BULLETIN 


Describes Nationa! Uitrasonic Corporation's: 


Laboratory service. Your 
sample parts are cleaned ultrasonically and 
equipment and cost recommendations are 
made at no charge. 

STANDARDLINE medium power cleaners 

for all applications requiring average 

energy levels. 

HEAVYDUTYLINE high power cleaners for 
industria! applications requiring high 

energy density. 

NUclean” solvents and detergents especially 
formulated for ultrasonic cleaning. 


! 


ESsex 
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RESIwELD 


EPOXY 
GUIDE 


Interested in modernizing your pro- 
duction? Get this handy reference 
guide on epoxy adhesives, coatings, 
sealants, and plastic alloys... with- 
out cost or obligation. 

Just write us on your company 
letterhead and ask for a complimen- 
tary copy of Resiweld Book #2. 


H. B. Fuller Co. 
3 


ST. PAUL , MINN, 
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FASTER, BETTER 
FLAW DETECTION WITH 
ULTRASONIC SONORAY. 5 
AND SONOGATE FLAW ALARM 


Set the accessory plug-in Senogate for any 
desired critical size of flaw — scan large areas 
rapidly with “‘your eye on the bali’’ — study the 

CRT trace only when alerted by the red signal light on 
the transducer. Ask for Sonoray Bulletin T-200. 


Branson 


INSTRUMENTS INC. 
6 BROWN HOUSE RD. STAMFORD, CONN. 
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METAL PROGRESS 


TEST LABORATORIES 
Shelter Rock Road 

DANBURY, CONNECTICUT 
Tel. Ploneer 8-3581 

831 North Lake Street 
BURBANK, CALIFORNIA 
Tel. THornwall 5-7451 

1525A North Post Oak Road 
HOUSTON, TEXAS 

Tel. OVeriand 6-5501 


A complete service providing day to 
day nondestructive testing for the 
detection of flaws in materials in the 
field or at one of Sperry’s laboratories. 
SPERRY PRODUCTS COMPANY oF =DANBURY, CONN. 
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Before you buy 
another extrusion... 
CHECK THIS LIST 


QUALITY 


We' ll give you a clear surface free 
of “pick-up” tolerances 


. expert handling . . packaging 
to your specifications. 


DIE SERVICE 


We'll give you fast, skilled die 
service from craftsmen who have 
fine equipment to work with. 


ANODIZING 
We'll give you high quality an- 
odizing using 26’ tanks to meet 


your maximum requirements. Color 
anodizing also available. 


DELIVERY 


We'll give you quick delivery on 
small orders as well as big orders. 
We'll help you keep your produc. 
tion schedule. 


Y ABILITY TO 
MEET YOUR 
SPECIFICATIONS 


Tell us what you want. We have 
- people and the facilities to do 


We are alsoa skilled Se 
precision al 


WHY NOT WRITE US TODAY. 


Aluminum Extruders + Anodizers + Artrim Mouldings 


SSUPERIORLINDUS TRIES. INES 


3786 Oakwood Ave., Youngstown, Ohio 


Circle 35 on Page 48-A 


RUST: LICK 


QUEOUS SYSTEM 


Eliminates RUST 
& 


Fire Hazards 
Non-Flammable 
Non-Toxic 


Send for Brochure: 
The ABC of Rust-Lick 
for Rust Prevention 


RUST-LICK, INCORPORATED 
755 BOYLSTON STREET 
BOSTON 16, MASS 
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MARTINDALE 
ROTARY BURS 


Solve toughest metal-cutting jobs. Martindale Carbide 
Rotary Burs and Files cut the toughest metals and 
abrasive materials. Precision ground from solid car- 


bide, in wide selection of shapes and sizes 3/32 to 1 
in. diameter. Available in identical shapes, sizes in 
high-speed steel. 
Send for NEW CATALOG including hundreds of 
cost-saving items for maintenance, safety, pro- 


MARTINDALE ELECTRIC CO. 


1372 Hird Avenue 


Cleveland 7, Ohio 
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FORMED 


ae your assembly problems and costs. 
Our shapes continuously with 

of from ferrous or 
= metals. Write for Catalog No. 1083, 


GFFICE ANG PLANT 


3761 OAKWOOD AVE. * YOUNGSTOWN, OHIO 
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ROUND, SQUARE, FLAT AND 
HALF-ROUND WIRE FOR MASS 
PRODUCTION OF SMALL PARTS 
Beryllium Copper  Bronzes 
Other Non-ferrous Alloys 
Rounded or square edges. 
Available with hot-tinned 
finish for solderability. 
Write for descriptive folder. 


UTTLE FALLS, ALLOYS 


193 Caldwell Ave., Paterson 1, N. J. 
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Whitey knows the ropes when it 
comes to welding stainless . . . and 
he's happy to help with your welding 
operations. His years of experience, 
plus the trusted welding materials of 
Maurath, add up to a guarantee of 
quality welding. Call Maurath for 


MAURATH 


WELDING STAINLESS? 
Contact “Whitey” (Mr. Electrode) 


stainless and heat resistant arc weld- 
ing electrodes of all analyses . . . 
coated, straightened ... cut... 
coiled and spooled. The most com- 
plete plant in the industry . . . From 
'/z in. diameter, bars reduced to 0.045 
in. wire. 


Quality and Service Are Remembered 
Long After Price Is Forgotten 


21830 Miles Avenue 
North Randall 22, Ohio 
Phone: MOntrose 2-6100 
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Hardenin 


Combination Models—Series H and D 


...2000° F and 2300° F 


Four Standard Models __ 


voltage. 


to 3000° F. 


ELECTRA PRODUCTS CO. 


General Purpose 
Series 2000 and 2300 
Ten models 2000°F and 2300° F 
range 

All standard models include 
an automatic indicating con- 
troller and are wired ready 
to operate on standard line 
Write for bulletins 
A-59 and B-59. 

Electra Products manufactures 
furnaces for 
diffusion processes, sintering, 
glass annealing and process- 
es requiring temperatures up 


semiconductor 


Inquiries are invited—no obligation 


Series H & D 


... 800° F and 1750° F 
or special design to suit 


Box Models 


Series 2000 
Montgomeryville, Pa. 
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RAMCO 


modular 
power spray 
washers 


[V{ MAXIMUM PERFORMANCE 


MAXIMUM ECONOMY 


Proof? In this Ramco 
Bulletin .. . shows how 
you can create the right 
system for today's .. . 
and tomorrow's needs. 
Send for your copy 
th Ask for Bulletin 


FRamco. 


DIV. OF RANDALL MFG. CO., INC. 
809 Edgewater Rd. * New York 39, N.Y. 
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GET A BID FROM 


HOOVER 


SPECIALISTS IN THE FIELD OF 


Die Castings 
SINCE 1922 
Aluminum and Zinc 


THE HOOVER COMPANY 
Die Castings Division 
North Canton, Ohio 

in Canada—Hamilton, Ontario 
Circle 41 on Page 48-A 
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WRITE, WIRE or PHONE 
FOR YOUR CATALOG 


Se 
clean—bright—chiny—heads 


Srar sTainyess scacw co. 


647 Union Bivd., Paterson2,N. J. 

CLifford 6-2300° TWX :LTFSNJ-1382 
a ; Direct N.Y.'phone Wisconsin 7-6310 
Direct Phila. ‘phone WAlInut 5-3660 
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eEvery Wilson 
“‘Brale’’ Diamond 
Penetrator is iden- 
tical in angle and 
radius. 

@Only flawless dia- 
monds, free from 
cracks or chips, are 
used. 


@ Microscopic inspection and a com- 
parator test of each diamond 
assures consistent quality. 


e Each penetrator is proof-tested 
under heavy load. 


@Special penetrators available for 
testing unusual areas. 


Write for Catalog RT-58 for details 
on Wilson “‘Brale’’ Penetrators 
plus the complete line of Wilson 
Rockwell hardness testers. 

WILSON “ROCKWELL’ 

HARDNESS TESTERS 

Wilson Mechanical co 
Instrument Division Ag 
American Chain & Cable 
Company, Inc. 
230-F Park Avenue, New York 17, N.Y. = 
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The 
HEAT RESISTING ALLOYS 


Ready When You Need Them 


Please Send for Stock List and Literature 


Autors, Ive. 


5309 Concord Avenue e@ Detroit 11, Michigan 
Phone WAlnut 1-4462 


330 William Street © South River, New Jersey 
Phone CLifford 4-4616 
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Today’s forging problems will not be solved with yesterday’s forging equipment 


THE IMPACTER: Designed and built by Chambers- At the amazing new InF ab project of Universal-Cyclops at Bridgeville, 


burg, pioneers in the development of machinery for 
forming metals by impact. In this revolutionary 
forging tool, the stock is struck from both sides by 
horizontally opposed rams. No shock, no vibration. 


i. Chambersburg Impacter i is employed to forge ingots of molyb- 
denum and other “exotic”’ metals in an atmosphere of pure argon gas, 
in which the workers have to wear space suits. The Impacter was 
selected primarily because of its instantaneous impact. At tempera- 
tures up to 4500° F, the Impacter strikes the ingot on two sides with 
15,000 ft. Ibs. of force; yet the impact is instantaneous and the 
transmission of heat to the die faces momentary. Other advantages 
are the Impacter’s lack of shock or vibration, necessitating no heavy 
foundations, and the thorough working of the metal, deformation 
taking place equally on both sides. Learn more about this modern 
aed. of forging. Write today to Chambersburg Engineering 
Company, Chambersburg, Pa. 


ERSBURG 


DESIGNERS AND MANUFACTURERS OF THE IMPACTER 


CYLINDER 
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severe WEAR problem? : 
Your answers are in this booklet 


This new booklet is crammed with information 
on Carmet Cemented Carbides . .. man’s hardest, 
most abrasion resistant metal . . . and on design 
techniques that make the most of Carmet’s 
unique properties. 

Properly designed, Carmet Cemented Carbides 
give outstanding service in applications involv- 
ing severe wear and abuse. They possess an ex- 
traordinary combination of extreme hardness 
and strength, higher than any metal or alloy . . . 
cast, rolled or forged. They have three times the 
stiffness of steel . . . up to 100 times the abra- 
sion resistance. 


In Carmet’s new booklet, the designer will 


find the charts, graphs, case histories, and tables 
of information needed for intelligent selection 
and application of the Carmet Cemented Car- 
bides. And, there's a special section on design 
criteria for top performance. Ask your local 
Allegheny Ludlum representative for a copy, or 
write: Allegheny Ludlum, Carmet Division, 
Oliver Building, Pittsburgh 22, Pennsylvania. 
Address Dept. MP-8-2. 


CARMET 


CEMENTED CARBIDE + DIVISION OF ALLEGHENY LUDLU¥ 


2006 


AUGUST 1960 
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Nuclear Graphite Notes from 


NATIONAL 
CARBON 
COMPANY 


DIVISION OF UNION CARBIDE CORPORATION, 270 PARK AVENUE, NEW YORK 17, N.Y. 
OFFICES: Birmingham, Chicago, Houston, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco. In Canada: Union Carbide Canada Limited, Toronto 


NO OTHER MATERIAL 
HAS SO MANY USEFUL 
NUCLEAR PROPERTIES 


@ EXCELLENT STRUCTURAL MATERIAL 
@ RESISTS CORROSION 

@ RESISTS THERMAL SHOCK 

@ EASILY FABRICATED 

© HIGH MODERATING QUALITIES 


@ STRENGTH INCREASES WITH 
TEMPERATURE RISE 


PRECISELY MACHINED GRAPHITE 
FOR THERMAL COLUMNS 


Photo shows inner wall of an 11 foot 
long graphite thermal column. 
Graphite was chosen for this installa- 
tion because it is an excellent moder- 
ator of neutrons with low capture 
cross section. 

This wall has 30 major blocks; the 
other 4 walls have 144 accurately 
machined blocks each. In all, 1300 
precision machined graphite pieces 
are included in this thermal column. 
Close tolerances were held in ma- 
chining each piece. 


__ Many Universities are now using 
Graphite Moderated Training Reactors 


Dr. E. F. Leonard, director of Laboratory Work for Columbia University, inserting a 
neutron source of plutonium-beryllium obtained from the Atomic Energy Commission. 


A recently conducted survey shows 
that many universities throughout 
the country are using graphite ex- 
ponential piles for training the sorely 
needed nuclear engineers of tomor- 
row. The survey also points out some 
of the advantages associated with 
graphite which are not found in other 
types of subcritical piles. 

Graphite offers longer neutron dif- 
fusion (approximately 50 cm) and 
permits wider fuel rod spacing to 
assure accurate flux measurements. 
Also flux distortions are easily de- 
termined in graphite piles. 

The structural and machineability 
features of graphite permit students 
to design and construct the pile. 
There are abundant experimental 
data and procedure history available 
on graphite (it’s the oldest type of sub- 
critical reactor) which permit more 


“National’’ and ‘‘Union Carbide” are registered trade-marks for products of 


NATIONAL CARBON COMPANY 
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time for advanced experiments rather 
than basic fundamental experimenta- 
tion. 

A graphite pile also offers con- 
siderable flexibility. It is easy to 
change configuration, to introduce 
voids, to accurately position samples, 
and the pile can be operated as either 
a bare or reflected system. 


Dr. T. J. Thompson, professor of Nuclear Engi- 
neering at M.I.T., removing a plutonium-beryllium 
neutron source from the subcritical nuclear 
reactor. 


UNION 
CARBIDE 
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This experimental aircraft combines 
the maneuverability of a helicopter with 
the load-carrying capacity of a truck. 


The platform is built around a unique 
transmission system whose components 
act as both power units and structural 
members. Designed jointly by Curtiss- 
Wright Corporation and Sargent Engi- 
neering Corporation, its builders, the 
platform uses a 400hp gas turbine engine 
to power four 2-blade propellers through 
a central gearbox arrangement. 


For the gears, the designers specified 
carburized and hardened AISI Type 
4620 nickel alloy steel in the central 
gearbox and in each of the propeller 
gearboxes. At every running speed, case- 
hardened gears of 4620 alloy steel with- 
stand friction and wear. What’s more, 
4620 gear cores are tough enough to 
absorb any sudden shock-loads that may 
occur during flight. 


For the propeller shafts, the specifica- 
tions called for AISI 4340 nickel alloy 


RESEARCH AERIAL PLATFORM will have high degree of civilian utility. Transmission system, whose component 
parts act as power units and structural members, employs 4340 and 4620 nickel alloy steels for shafts and gears. 


Aerial platform’s unique transmission system uses 
two nickel alloy steels—4340 and 4620 


steel, heat-treated to 30-35 Rockwell C. 
This versatile through-hardening steel 
provides exceptional toughness and 
fatigue strength, and is noted for its 
superior machinability at high hardness 
levels. In addition, AISI 4340 steel de- 
velops uniform hardness throughout 
parts of medium to heavy section, de- 
spite variations in section size. 


The men who designed the aerial 
platform couldn’t predict all the complex 
stresses these parts would encounter in 
operation. They selected 4340 and 4620 
because these steels have proven their 
reliability and versatility during many 
years of service, under a variety of 
strenuous operating conditions. 


Whether or not you, too, are experi- 
menting, 4340 and 4620 offer you the 
same assurance of reliability ... plus a 
way to cut costs by simplifying inven- 
tory. These steels are available right off 
the shelf at your local Steel Service 
Center. Other nickel-containing steels, 


EXPANDED VIEW of central gearbox shows 


how 4620 nickel alloy steel gears fit into 
box and drive the four propellers. 


providing more specialized properties, 
are also widely available. 

Consider nickel alloy steels for gears, 
shafts, bearings and other parts you de- 
sign, order or use. And for information 
to help you select the right material for 
your application, just write us. 


THE INTERNATIONAL WICKEL COMPANY, INC. 
67 Wall Street ate, New York 5, N, Y. 


INCO NICKEL 


AUGUST 1960 


NICKEL MAKES STEEL PERFORM BETTER LONGER 
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32,000 technical 


readers await 


their response makes it your 
most unportant single metalworking 
advertising opportunity of the year! 


BEHIND THE OCTOBER ISSUE: 


“Manufacturers in the metalworking industry are faced 
with a severe problem of keeping costs in line to stay com- 
petitive. There is pressure from increasing wages and 
higher-cost materials, yet boosting prices isn’t easy in the 
present state of competition. This means that management 
must look to improved technology for programs designed 
to cut costs and step up efficiency of their operations. More 
than ever before the technical management men of the 
metalworking industry will be seeking vital information, 
such as presented in this special report, to guide them in 
selecting the metals they use, their fabrication and pro- 
cessing.”” — THE EDITORS OF METAL PROGRESS 


RESERVE SPACE NOW 


— capitalize on increased reader atten- 
tion produced by METAL PROGRESS, 
dominant in its editorial coverage of 
Metal Show subjects. 


published by 
AMERICAN SOCIETY FOR METALS 
Metals Park ¢ Novelty, Ohio 


report to technical management: 
THE METALS TECHNOLOGY 
OF THE SIXTIES 
PROGRESS IN STEELS Improved Materials 


— Alloy, Carbon, Leaded, High Strength, 
Superstrength, Stainless 


PROGRESS IN STEELS Forming — Advances 
in Production Practices for Stamping and 
Drawing Steels 

PROGRESS IN STEELS Welding — Advances 


in Production Practices for Welding Carbon 
& Alloy Steels 


PROGRESS IN STEELS Heat Treatment — 
Modern Quenching Techniques Bring Out 
Improved Properties in Steels 


PROGRESS IN STEELS Hardenability Bands 
for Three New Standard H-Steels 


PROGRESS IN MATERIALS and Process 
Applications in the Automotive Industry 


PROGRESS IN HIGH TEMPERATURE ALLOYS 
PROGRESS IN ALUMINUM ALLOYS 
PROGRESS IN COPPER BASE ALLOYS 
PROGRESS IN MAGNESIUM ALLOYS 
SPECIAL METAL SHOW SECTION Complete 


Guide to Exhibits, Detailed Program of 
Technical Sessions, Digests of ASM Papers 


K 
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Stainless “pie’— — 


This customer, a fabricator of process equipment, knew 
it was wise to put the responsibility for filling this 
stainless steel order in the hands of a single producer— 
G.O.Carlson, Inc. He knew that our specialists, working 


with modern equipment, would make each item of the (0) CARIES ON 
GO} be. 


order “to specification.”” And he also knew that our 


delivery promise is a trust that we fulfill. Producers Stain@us 


For your order—or orders—of stainless steel plate 
y P 128 Mershallton Road 


and plate products, come to Carlson. Here skilled THORNDALE, PENNSYLVANIA 
men, working with the finest equipment, are determined District Sales Offices in Principal Cities 
to match your every wish. PLATES « PLATE PRODUCTS + HEADS «+ RINGS + CIRCLES + FLANGES « 


BARS AND SHEETS (No. 1 Finish) 
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SEYMOUR 


for NICKEL SILVER 
PHOSPHOR BRONZE 


(Strip, Wire and Rod) 


BRASS -COPPER 
Anodes ¢ Bright Nickel 


Write for Seymour's 
Alloy Selection Chart 


The SEYMOUR 
Manufacturing Co. 
@ 21 Franklin St., Seymour, Conn. 
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ANNEALING 
FURNACE 


FOR SALE 


Never been installed or used car-type 
General Electric gas-fired furnace for 
stress relief annealing of plain carbon 
and stainless-steel castings or weld- 
ments. 


Maximum temperature 1623F but 
can be converted to 1922F. Measures 
12’ x 12’ x 24’. Capacity 90,000 Ibs. 
Original cost $164,000—now priced for 
quick sale. Contact A. J. Dargis, Gen- 
eral Electric Co., Gas Turbine Dept., 
Schenectady, N. Y. No dealers please. 


247-41A 
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ACCURATE 
DEPENDABLE 
LOW COST 


HEAT TREATING 
YOUNG 
BROTHERS 
OVENS 


designed and built 
tor individual product 
and process requirements 


batch and conveyor types up to 1000° F 


Write for Bulletin 157 


YOUNG BROTHERS CoO. 


1829 Columbus Road * Cleveland 13, Ohio 
Over 60 years of service 


ZIV’S PLANCHER TOOL STEEL 
IS BUILT 
TO RESIST 


as illustrated by this 2'2” diameter slug, 
punched from 7%” thick austenitic stain- 
less steel. Approximately 2,500 holes 
were punched with both punch and die 
still good for many more. 


Free literature and expert personal attention upon 
request. 


ESTABLISHED 1911 


945 W. HARRISON STREET CHICAGO 12, ‘ILL. 


eel 
BUTLER, WIS. DETROIT, MICH. EAGLE RIVER, MICH. 
INDIANAPOLIS IND. ST. LOUIS, MO. TOLEDO, O 
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Other outstanding Shell 
industrial Lubricants available world-wide 
Shell Tellus Oils — for hydraulic systems 
Shell Alvania Grease — multi-purpose in- 
dustrial grease 

Shell Turbo Oils—for utility, industrial and 
marine turbines 

Shell Rimula Oils —for heavy-duty diesel 
engines 

Shell Talona R Oil 40—anti-wear crankcase 
oil for diesel locomotives 

Shell Dromus Oils—soluble cutting oils for 
high-production metalworking 

Shell Macoma Oils — for extreme pressure 
industrial gear lubrication 


AN INTERESTING FACT! 


Every Shell Branded Industrial Lubri- 
cant is named for a sea shell. 
here is the Voluta musica. 


AUGUST 1960 


Shell Voluta 


Around the world, Shell Voluta Oil 
is available—under the same brand 
name and providing the same out- 
standing quenching oil effectiveness. 
This is assurance that your customers 
abroad will enjoy the same perform- 
ance from your heat-treating equip- 
ment that domestic customers rely 
upon. 

Voluta® Oil is a stable, high-speed 
quenching oil that proves ideal in both 
Static and circulating quenching sys- 


50 WEST 50TH STREET. 
100 BUSH STREET..... 


Oil is there 


tems. It offers two unique character- 
istics : (1) It remains stable at tempera- 
tures up to 180° F with no appreciable 
sludge formation. (2) It permits safe, 
rapid quenching of parts which or- 
dinarily have a tendency to become 
distorted. 

No matter where your quenching 
equipment is shipped, make Shell 
Voluta Oil your standard recommen- 
dation. Write for complete informa- 
tion. 


SHELL OIL COMPANY 


.NEW YORK 20, N.Y. 
“SAN FRANCISCO 6, CALIFORNIA 


IN CANADA: SHELL OIL COMPANY OF CANADA, LIMITED 


505 UNIVERSITY AVENUE 


TORONTO 2, ONTARIO 
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PRODUCED Point 
“Boiling Point 


ODYMIUM. Electrical Resisti 


Thermal Neutron 
X-section 


DYSPROSIUM. Ultimate Tensil 
Stréngth 
Yield Strength 
(as cast) psi 
Ductile, Machinable 


r ik rther information send for brochu 


LUNEX COMPANY 


When you're judging the value of an Electric Furnace, think in 
terms of (1) its flexibility in use, its controls, (2) its accuracy in 
firing, (3) its sturdy, long-lasting construction. When you compare 
Non-Metallic Resistor furnaces you'll find the Harrop NMR Series: 

Flexible. Whatever type of control you require is available. Man- 
ual operation, automatic temperature control, repetitive heating to 
any preselected temperature (with or without adjustable holding 
time), complete program control. All voltages adjustable from 55 to 
230 volts in 36 steps. Specially planned equipment and instrumenta- 
tion can be designed for your individual need. 

Accurate in Firing. Any temperature you require is held within 
negligible limits of variation, up to 2800° F. continuous operation 
and 3000° F. intermittent operation. 

Sturdy Construction. Full-yoke doors cannot sag or bend out of 
alignment. 3000° F. internal refractories stand up under hard usage. 
Housing of heavy steel eonstruction with no projecting switches or 
other equipment. Heating elements lightly loaded for even heat dis- 
tribution and long life. 

Any NMR Series Harrop Furnace meets most rigid requirements 
according to the above specifications. Setting spaces range from 7” 
by 9” by 812” to 36” by 40” by 36”. Special designs can be developed 
to meet your n fof non-obligating recommendations, send 
information on materials, temperature range, heat control and firing 
objectives to Dr. Robert A. Schoenlaub, Technical Advisor. HARROP 
ELECTRIC FURNACE DIVISION of Harrop Ceramic Service Co., 
Dept.m, 3470 East Fifth Ave., Columbus 19, Ohio. 
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TEMPERATURES 


Seven Revco cabinets, both chest and 
upright styles, are available. Capacities 
range from 1.5 to 6 cu. ft. in chests and 
to 22 cu. ft. in uprights. Units provide 
temperatures to —140° F. control- 
lable within + 1°. Optional accessories 
are offered. Immediate delivery on 
all units. 

For your FREE copy of the helpful 
folder, “Selecting a low temperature 
cabinet,” write Revco, Dept. MP-80. 


Industrial Products Div., 


REVCO 


~ Deerfield, Michigag- 
iis Trends in Refrigeration Since 1938 
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COLUMBIA 


OOL 
STEELS 


VANADIUM FIREDIE (type H13)— 
the ‘‘Old Pro”’ unbeaten champion 
of the hot work steels 


Product of Skilled 
American Workmen 


METAL PROGRESS 


purity RARE EARTH METALS CO | 
; 4 ULTRA-LOW TEMPERATURE CABINETS 

High purity rare earth metals of these prope TO 

LANTHANUM (55F) Storage 

\ 
Circle 875 on Page 48-B 
Fast, efficient high temperature 
heating...HARROP Electric Furnaces” 
: setting space 
{ 
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SECURITY 


Is A Sunday Picnic That Is Free From Worries Of Monday 


Security results in the feeling that you’re doing your best to 
be a good provider. But being that thoughtful breadwinner is 
not an easy job. You’ve got to keep an eye on the future and 
at the same time use the present for all it is worth. 


This may be true in your case. You are part of an industry 
that is advancing in great, leaping strides . . . leaving be- 
hind it a pile of outdated methods, unusable tools and shop- 
worn formulas. More severe, industrial progress is leaving 
behind the men who can’t keep up the pace, who stop learning. 
For them, security is in doubt. 


How do you feel? .. . secure enough to say that a little studying 
at home won’t make you more capable on the job? Secure 
enough to say that more education isn’t necessary to your ca- 
reer in industry ... that you will advance to the job you want 
—in the field you want—with the knowledge of metals and 
processing you now have? Secure enough to stop learning? 


Listed below are the home study courses now offered by ASM's Cassecee=: = 
Metals Engineering Institute. These courses have earned the re- : 
spect of thousands who have enrolled in MEI. They offer compre- REQUEST FOR CATALOGS: 
hensive instruction of very high caliber. In these courses you can BY 
find the additional training that results in more security for you 
and those who depend on you. TITLE 


COMPANY 


Elements of Metallurgy Copper, Brass & Bronze 

Survey of Steel Plant Processes Titanium STREET. 
Machining Gray Iron Foundry Practice COURSE OF INTEREST 
Heat Treatment of Stee! Oxy-Acetylene Welding 
Fundamentals of Ferrous Metallurgy Arc Welding 
High Tempercture Metals Welding Metallurgy 
Stainless Steels Heat Treating Principles 


Metals Engineering Institute 


Return the coupon at right for your MEI catalog which describes AMERICAN SOCIETY FOR METALS 
each course in detail—authors, lesson titles and descriptions. A | METALS PARK, NOVELTY, OHIO “a Se 
catalog will be sent at no obligation. 
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George R. Irwin (co-author with J. A. Kies—see below — of 
“Fracture Theory Applied to High-Strength Steels”, p. 73) has been 
with the U.S. Naval Research Laboratory since completing his Ph.D. 
at the University of Illinois in 1937 . His early interests at N.R.L. 

were in force-curve ap- 
paratus for measuring 
the force-time penetra- 
tion of a projectile into 
armor plate and the 
development of the bal- 
listic pendulum into a 
useful laboratory tool. 
Throughout World War 
II, he headed the ballis- 
tics branch and was a 
leader in applications of 
light armor plate and 
development of person- 
nel armor. He became 
mechanics division su- 
perintendent in 1950, 
and has written exten- 
sively in the fracture 
mechanics field. 

Other interests — tennis, Boy Scout work, coaching boys’ basket- 
ball teams. 


CHEMICALS 
© GADOLINIUM OXIDE 
EUROPIUM OXIDE 
YTTRIUM PRODUCTS 


ORGANIC - SOLUBLE 
RARE EARTHS 


RARE EARTH- 
MAGNESIUM ALLOYS 


The association of Harold Bernstein, metallurgist, and J. A. Kies, 
physicist, (“Crack Growth During Static Tests of Rocket Motor 
Cases”, p. 79) illustrates the team approach to the solution of a 
difficult problem involving metals and mechanics. Harold Bern- 
stein, a graduate of 
Brooklyn College (B.S. 
in chemistry) and the 
University of Maryland 
(M.S. in metallurgy) is 
supervisory physical 
metallurgist at the Naval 
Weapons Plant while 
Joe Kies, a graduate of 
the University of Mary- 
land with a B.S. in chem- 
istry and an MS. in 
CLIP THIS AD and SEND TO: physics, is head of the 

DEPT. 68 ballistics branch of the 
: Naval Research Labora- 
tory’s mechanics divi- 


VITRO CHEMICAL COMPANY sion. According to Mr. 


A SUBSIDIARY OF VITRO CORPORATION OF AMERICA Bernstein (shown at left 
«342 MADISON AVENUE 
NEW YORK 17, NEW YORK in the photograph with 

; Mr. Kies), the team 
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spends a good deal of time on the road “preaching the gospel of G,”. 

Camping with his family (including Chris 8, Joel 12 and Martha 
18) is Joe’s hobby which he combines with visits to out of the way 
places like Cape Hatteras. Harold’s nontechnical interests include 
his children (Janet 7 and Paul 11), skiing and gardening. 


George Espey, who outlines the National Aeronautics and Space 
Administration’s program on defining the fracture tendency of sheet 
alloys (p. 82), has been active in N.A.S.A.’s notch sensitivity pro- 
gram on sheet materials for rocket chambers and aircraft for two 
years. 

As senior research engineer at Case Institute of Technology, he 
supervised several information assembly, evaluation and research 


projects on aircraft sheet during World War II. Later he was 
metallurgist, and then a consultant to a major supplier of steel 
sheet annealing equipment while laboratory director and part 
owner of an independent research firm. 

Most of his leisure time is devoted to reading, painting and 
water sports. 


The bend test developed by engineers at Allison Div. of General 
Motors (p. 89) is discussed by Dean K. Hanink and George R. 
Sippel, both metallurgists in the division (shown on p. 202, right to 
left, examining a photographic display of subscale pressure vessels ). 
A 1942 graduate of the University of Michigan, Mr. Hanink joined 
the research laboratories division of General Motors that same year 
as research engineer and was responsible for metallurgical develop- 
ments in high-temperature metallurgy for both autortive and gas 
turbine applications; in 1955 he moved to the Allison Div. as chief 
metallurgist where he organized a research and development labora- 
tory to supplement the production laboratory facilities, and coordi- 
nated the two groups through a materials and processes section. 

George Sippel joined Allison as a metallurgist in 1946 not long 
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MICRO-OPTICAL PYROMETER 


Versatile PYRO Micro-Optical pre- 
cisely measures targets as small as 
001” in diameter or objects at re- 
mote distances to 2°C reproduci- 
bility! Temperature scales 700° 
3200°C (1300 - 5800°F). 


Send for FREE catalog No. 95. 


the universal 


PYRO 


SURFACE 
PYROMETER 


Quick-acting, pre- 
cise, with easy-to- 
read 4%” dial. 
Single and double 
ranges — 0°-300° F 
to 0°-1500°F for 
surface and sub- 
surface tempera- 
tures. Also sub- 
zero and special 
ranges. 


Send for FREE catalog No. 168. 
PYROMETE® 
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you find cracks and 
hidden surface flaws 
metals 
in¥ plastics 
in ceramics 
in v glass 


in ¥ minutes 


use PIXchek penetrant dye system for 
inspection after any metal-working 
process—casting, forging, welding, grind- 
ing, extruding, drawing, shearing—the 
gamut of operations. PiXchek is equally 
adaptable to single part or quantity-run 
inspection. 


Everything you need is in 
this handy flaw-hunting kit 
Sturdy steel hinged case with aerosol spray cans of PIXchek 
Dye, Cleaner, and Developer, plus extra cans of Dye and 


Cleaner for brush and wipe-on applications. The coupon 
below can start you flaw hunting right away. 


PICKER X-RAY CORPORATION 
25 So. Broadway, White Plains, N.Y. 


Please ship PiXchek Kits @ $35.00 


Company 


after his graduation from Notre Dame, working on failure, material 
and processing investigations as well as spectrographic and X-ray 
diffraction analyses. For the past four years he has been assistant 
plant metallurgist in the metallurgical research laboratory; one of 
his primary responsibilities during the past two years has been the 
development of high-strength steel rocket motor cases. 


“The How and Why of Microhardness Testing” (p. 93) is the first 
of two articles written by Vincent E. Lysaght, general sales manager 
of the Wilson Mechanical Instrument Div. of American Chain & 
Cable Co., makers of the Rockwell and Tukon hardness testers. 
(In the photo below he is shown with C. H. Lucke, plant manager. ) 
A pioneer in microhardness testing, Mr. Lysaght developed new 
techniques in 1940 which are now considered standard in the metal- 
lurgical industry. He came to Wilson after his graduation from 
Massachusetts Institute of Technology and during his years there has 
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concentrated on standardization, engineering and research of hard- 
ness testing equipment. 

He is particularly proud of his near-perfect record for attendance 
at the @ National Metal Exhibitions held since 1930 — where he 
demonstrates hardness testing equipment. A member of committees 
for hardness testing for both A.S.M. and A.S.T.M., he has also 
attended the International Congress on Hardness Testing in Europe 
on three occasions. 

Of his three children, the two oldest boys are in college — one at 
Georgetown University and the other at M.LT. (studying, of all 
things, metallurgy). Besides his family, his spare-time interests in- 
clude reading and writing technical articles. 


The practical technique for welding gun metal discussed on p. 98 
is based on a thesis prepared by L. A. DePue, working with W. A. 
Pennington at the University of Maryland, as part of the requirement 
for a master’s degree in metallurgy. (He is shown in the photo with 
Dr. Pennington, right, examining a defective bronze casting repaired 
by welding.) During his 14 years with the Naval Research Labora- 
tory, Mr. DePue has worked on a variety of metallurgical problems — 
including several foundry studies, welding research and titanium 
phase diagram investi- 
gations. For the past 
five years, he has been 
the metallurgical con- 
sultant for the scientific 
division at N.R.L. 

Away from the office. 
he does church and Sun- 
day school work, goes on 
trailer camping trips 
with his wife and three 
children and pursues his 
metallurgical studies 
(he is working toward 
his Ph.D. degree). He 
is also on assignment as 
senior officer in the 
Washington, D. C., sub- 
marine division of the 
naval reserve. 

Dr. Pennington, vice-president of A.S.M. for 1959-60, has been 
professor of metallurgy at the University of Maryland since 1954. 
Besides teaching metallurgy and thermodynamics, he directs re- 
search on fatigue, welding, creep rupture, graphitization and other 
problems. His background in industry includes work as a research 
engineer at Armco, four years on a fellowship at Mellon Institute 
and several years as chief chemist and metallurgist for Carrier Corp. 
(where he invented Refrigerant 500, the only commercial azeotropic 
refrigerant used today). His work on surface decarburization of 
steel at Armco and later at Mellon Institute was recognized by the 
@ Henry Marion Howe Award in 1947. 

His service to A.S.M. has included chairmanship of the Syracuse 
Chapter in 1948, chairmanship of many committees (including the 
Publications Committee), and a term as national treasurer in 
1953-55. 
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Furnaces 


Check these outstanding advantages 


WORLD'S MOST EXPERIENCED 

BUILDER OF STAINLESS STRIP 
BRIGHT ANNEALING FURNACES. 15 
efficient, high production lines installed or 
under construction. EF has more installed 
capacity, and more experience in bright 
annealing stainless strip than any other 
furnace manufacturer. 


VERTICAL OR HORIZONTAL DE- 

SIGNS — whichever best suits your 

building conditions and specific pro- 
duction requirements. 


FUEL FIRED OR ELECTRICALLY 

HEATED—to use whichever heat is 

most economical in your plant. No 
restriction on width. Electric furnaces 
heated with our proven cast alloy resistor 
elements, assuring highly efficient heating. 
None better. 


‘ DESIGNED AND BUILT BY THE 


EF JET OR STATIC COOLING— ject 
or combined jet and static cooling, 
shortens the cooling section. 


HYDROGEN, DISSOCIATED AMMO- 
/ NIA OR VACUUM PROCESSING. 

Continuous vacuum furnaces, one of 
EF'’s latest developments, save on overall 
installation and operating cost. 


COMPLETE UNIT RESPONSIBILTY — 
Y ‘ished completely erected with all 

controls, terminal equipment and 
product handling, ready for immediate 
on-line operation. 


For the highest finish, and most durable 
corrosion resistant surface, contact the EF 
heat treating engineers. You'll find it pays! 


THE ELECTRIC FURNACE CO. 


Gas-fired, Oil-fired and Electric Furnaces for Heat Treating any Produ 


Using any Process, any Hourly Output. 
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Peentoner Service, ready as your 
phone, brings Union Carbide Metals’ field 
engineers to your melting plant—from any 
of 9 sales and service offices. In providing 
on-the-scene: assistance, they gladly make 
available UCM’s integrated experience in 
the application of ferroalloys to various 
melting practices. 

Lately, their travels to mills and found- 
ries have soared to well beyond the million- 
mile mark—each year! This customer 
service is just one of the 5 intangible but 
ever-present extra values of UCM’s 
FIVE-DEEP alloys which mean better prod- 
ucts and bigger profits for you. The others: 
@ Technology — many million dollars 
worth a year—helps you produce better, 
more profitable metals. UCM’s 600-man 
research and development center is the 
birthplace of hundreds of new alloys. 
© Unmatched Facilities free you from 
delivery worries. Only UCM gives you 6 
plants—3 with their own power facilities — 
and 17 warehouses, all located for fast 
shipments by rail, truck, or water. 


Traveling four times as far as the moon 
to help you profit with UCM’s "FIVE-DEEP” Ferroalloys 


©) Global Ore Sources assure you unin- 
terrupted supplies of ferroalloys. UCM’s 
close association with world-wide mines 
provides dependable raw material sources. 
5] Strictest Quality Control — with over 
100,000 tests per month from mines to 
shipment—makes sure you always get 
alloys of uniform size and analysis, with 
minimum fines, lot after lot. 

For better metals, production economies, 
bigger profits, insist on UCM’s FIVE-DEEP 
alloys. Union Carbide Metals Company, 
Division of Union Carbide Corporation, 
270 Park Avenue, New York 17, N. Y., 
producer of “Electromet” brand metal- 
lurgical products. 


“Union Carbide” and “Electromet” are registered 
trade marks of Union Carbide Corporation. 


METALS 


Only ELECTROMET ferroalloys from UCM are so deep in extra values to help you. 
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